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FOREWORD 


This  report  was  prepared  by  the  Boeing  Company,  Vertol 
Division  of  Philadelphia,  Pennsylvania  for  the  Air  Force 
Flight  Dynamics  Laboratory,  Wright-Patterson  Air  Force 
Base,  Ohio  under  contract  F33615-69-C-1570,  project  No. 
698BT,  "US/FRG  V/STOL  Technology  Program".  This  contract 
is  for  a  multiphase  effort  of  parametric  studies,  detail 
design,  model  tests  and  analysis.  This  report  only  covers 
phase  I,  configuration  design  analysis.  The  results  of  the 
other  phases  will  be  treated  in  future  reports. 


The  contract  was  administered  by  the  Air  Force  Flight 
Dynamics  Laboratory  with  Hr.  Daniel  E.  Fraga  (FBV)  as 
project  engineer.  The  principal  investigators  for  the 
Boeing  Company  were  Mr.  David  A.  Richardson  and  Mr.  Jaan 
Liiva.  This  report  covers  the  phase  I  work  conducted  from 
15  April  1969  to  15  August  1969.  The  final  report  was 
submitted  by  the  authors  in  November  1969. 


This  report  has  been  reviewed  and  is  approved. 


Colonel,  USAF 
Chief,  V/STGL  Technology  Division 


ABSTRACT 


Basic  design  studies  on  tilt  prop/rotor  aircraft  performed 
as  the  first  phase  of  the  four  phase  OSAF  Contract 
F33615-69-C-157G  are  summarised  in  this  interim  report. 

This  program  is  to  determine  design  criteria  and  demonstrate 
the  adequacy  of  technology  by  designing  a  full-scale  prop/ 
rotor  aircraft  and  by  designing,  manufacturing  and  testing 
scaled  models.  The  work  reported  herein  consists  of  the 
definition  of  a  prop/roto.v  preliminary  design  and  performance 
sensitivity  trade-offs  >  A  prop/rotor  aircraft  which  can 
perform  a  transport  mission  with  a  250  nautical  miles  radius, 
a  cruise  speed  of  350  knots  and  a  payload  of  five  tons  with 
a  vertical  take-off  at  2,500  ft.  and  93°F  is  defined.  This 
aircraft  also  can  perform  a  rescue  mission  with  a  500  nautical 
mile  radius  and  a  mid-point  hover  time  of  thirty  minutes. 

Landing  gear  sized  to  provide  a  coverage  of  40  and  38  passes 
when  operated  on  CBR4  soil  is  included  in  this  design.  A 
21  percent  wing  thickness  is  used  to  provide  the  largest 
depth  of  wing  compatible  with  high  speed  drag  rise  in  order 
to  satisfy  the  structural  requirements  of  a  prop/rotor  air¬ 
craft  with  a  minimum  weight  wing.  The  prop/rotor  utilized 
has  no  flap  or  lag  hinges.  Rotor  blade  cyclic  pitch  is  planned 
to  provide  both  control  moments  and  load  alleviation.  A  hover 
figure  of  merit  of  75  percent  and  a  cruite  efficiency  of  78 
percent  are  expected  to  be  achieved  with  this  aircraft.  Height 
estimates  based  on  a  fairly  conservative  projection  of  technology 
indicate  that  the  useful  load  fraction  of  this  aircraft  is  31.6 
percent. 
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SECTION  I 
HtTF.ODCCTICN 


1.  OBJECTIVE 

* 

The  objective  of  Phase  1  work  reported  herein  was  to  perform 
the  preliminary  design  work  necessary  to  establish  a  prop/rotor 
aircraft  configuration  that  will  meet  the  requirements  of  a 
specific  transport  mission.  This  configuration  definition  was 
necessary  so  that  in  Phase  II  a  more  detailed  design  of  the 
prop/ rotor,  nacelle,  wing  and  associated  controls  can  be 
performed. 

2.  APPROACH 

The  Contractor's  V/STOL  Aircraft  Sizing  and  performance  Cosgfister 
Program  (VASCOMP)  was  used  to  provide  a  matrix  of  designs 
meeting  the  basic  mission  with  various  payloads,  disc  loadings, 
and  the  associated  gross  weights.  From  these  data  a  design 
was  selected  as  a  baseline  configuration  for  further  refinement. 
This  involved  trade  offs  of  major  items  that  were  held  constant 
in  the  initial  sizing. 

Additional  studies  were  then  made  of  aeroeiasiie  stability# 
flying  qualities  and  weight  substantiation.  The  results  were 
incorporated  in  a  refinement  of  tbs  design.  The  ability 
of  this  aircraft  to  perform  a  rescue  and  an  alternate  transport 


mission  was  then  calculated 
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A  preliminary  design  of  a  prop/rotor  aircraft  has  been 
conducted  and  trade  studies  have  been  developed  to  show 
the  impact  on  the  gross  weight  of  this  aircraft  which 
result  from  providing  the  major  mission  performance  re¬ 
quirements  of  the  selected  transport  mission.  The 
aircraft  designed  appears  to  be  practical  and  appears 
to  be  competitive  with  other  configurations  being  con¬ 
sidered  for  such  a  mission.  The  trade  studies  show  that 
this  aircraft  is  very  sensitive  to  maneuver  load  factor 
requirements  particularly  in  hover.  Dash  speed  require¬ 
ments  increase  the  aircraft  gross  weight  to  accomplish 
the  specified  transport  mission  by  160  pounds  per  knot. 

The  aircraft  does  not  have  unusual  sensitivity  to  detail 
design  assumptions  except  for  the  hovering  disc  loading. 

A  prop/rotor  aircraft  which  can  perform  a  transport  mission 
with  a  250  nautical  miles  radius,  a  cruise  speed  of  350 
knots  and  a  payload  of  five  tons  with  a  vertical  take-off 
at  2,500  ft.  and  93°7  has  been  defined.  This  aircraft  also 
can  perform  a  rescue  mission  with  a  500  nautical  mile  radius 
and  a  mid  point  hover  time  of  thirty  minutes.  Lending  gear 
sized  to  provide  a  coverage  of  40  and  38  passes  when  operated 
on  CBR4  sell  is  included  in  this  design.  A  21  percent  wing 
thickness  is  used  to  provide  the  largest  depth  of  wing 
compatible  with  high  speed  drag  rise  in  order  to  satisfy  the 


structural  requirements  of  a  prop/rotor  aircraft  with  a 
minimum  weight  wing.  The  prop/rotor  utilized  has  no  rotor 
blade  flap  or  lag  hinges.  Rotor  blade  cyclic  pitch  is 
planned  to  provide  both  control  moments  and  load  allevia¬ 
tion.  A  hover  figure  of  merit  of  75  percent  and  a  cruise 
efficiency  of  78  percent  are  expected  to  be  achieved  with 
this  aircraft. 

Heights  substantiation  of  the  preliminary  design  has  been 
based  on  a  conservative  extrapolation  of  technology  to 
the  1972  tine  frame.  The  weights  methodology  used  is  a 
mixture  of  airplane  and  helicopter  trend  curves.  A  12.5 
percent  material  factor  has  been  applied  to  wing,  tail  and 
body  group  trend  weights  for  1972  materials.  Engine 
section  (nacelle,  engine  mount,  etc.)  group  weight  was  re¬ 
duced  9  percent  for  1972  materials.  Advanced  gearing  is 
showing  such  promise  in  present  developments  that  a  15 
percent  factor  on  drive  system  weight  has  been  taken  for 
1972  technology.  Ho  advances  have  been  taken  in  the  rotor 
group  other  than  to  assume  that  titanium  hubs  and  fiberglass 
blades  would  be  used.  Similarly,  there  has  besn  no  advance 
taken  in  the  weight  of  the  flight  control  group.  The  weight 
benefit  for  advanced  materials  is  more  than  offset  for  the 
wing  by  the  requirements  for  vertical  flight  with  the  rotor 
thrust  at  the  wing  tip.  The  weight  penalty  for  vertical 
flight  was  taken  as  a  25  percent  addition  to  the  wing  trend 
weight.  These  assumptions  are  believed  to  be  conservative 
but  consistent  with  the  unknowns  of  the  use  of  hingeless 
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rotors  in  a  tilt  rotor  application. 


The  eopty  weight  breakdown  of  the  preliminary  design 
aircraft  is  soasaariaed  as  follows: 


Group 

Weight 

Percentage 
Design  Gross  1 

Rotors 

5,510 

8. 

Driv.  - 

7,282 

11. 

Fit.  Controls 

5,453 

8. 

Engine  Caeplete) 

5,116 

8. 

Fuel  Sj  ^ tea 

1,652 

2. 

Wing 

4,993 

7. 

Body 

5,518 

8. 

Tail 

1,266 

2. 

Landing  Gear 

2,571 

4. 

Elect,  and 
Electronics 

2,369 

4. 

Cargo  Loading 

981 

1. 

Other 

3,150 

5. 

WEIGHT  EMPTY 

45,861 

Lbs. 

68 

Fixed  Useful  Load 

915 

1. 

Fuel 

10,224 

16 

Payload 

10,000 

15 

USEFUL  LOAD 

21,139 

Lbs. 

32 

GROSS  WEIGHT 

67,000 

Lbs. 

100 

The  trade  studies  Avolved  variations  in  mission  para- 
neters  and  aircraft  design  parasseters.  The  results 
of  these  studies  am y  be  ui.ismm.izod  in  the  following 
table: 


Mission  Parameter 

Dash  Speed  (At  Speeds 
300  Knots) 

Maneuver  Load  Factor 

-  Airplane 
-Hover 


Sensitivity 
ISO  lb. /knot 

4,000  lb./g 
11,000  lb./g 


Airplane  Design  Parameter 

Disc  Loading 

Wing  Loading  (Chord 
Variation) 

Hover  Tip  Speed 

Hover/Cruise  HPM 

Tail  Volume  Coefficient 

-Vertical 

-Horizontal 


Sensitivity 
-2,300  lb./psf 

Hone-Optimised 
-30  Ib./fps. 
Hone-Optimized 

33,300  lb.  at  0.014 
6,000  lb.  at  1.04 


Parasite  Drag 

Afterbody  Length 
SFC 


1,400  ib/ft2 

208  Ib/ft 
60,000  Ib/lb-HP  hr 


These  sensitivities  generally  indicate  that  the  aircraft  is 
fairly  well  optimized.  Tie  disc  leading  sensitivity  is 
negative  since  the  disc  loading  of  this  aircraft  is  low  compared 
to  the  dash  spaed  requirement.  This  disc  loading  was  seleci.«a 
to  provide  good  helicopter  mode  operation  and  to  provide  for 
growth  to  a  matched  configuration. 
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COMFIGURATIOW  BCSCRIPTIOMf 

APPROACH  TO  STOTT 

The  purpose  of  the  Phase  I  effort  is  to  establish  the  aircraft 
general  configuration  so  that  in  Phase  II  Meaningful  design  work 
say  be  accomplished  on  the  wing  nacelle,  rotor  propeller  and 
associated  controls. 

Therefore  a  broad  look  has  been  taken  of  the  total  aircraft  so 
that  the  performance,  weights,  and  geometric  dimensions  are  realistic 
for  the  intended  missions. 

MISSIOM  PKFIMITIOg  AMD  BBSIQi  CRITERIA 

As  the  result  of  direction  from  the  Flight  Dynamics  Laboratory 
and  studies  conducted  by  Boeing  the  following  are  the  ad ss ions, 
design  requirements  and  configuration  decisions  effective  at  the 
completion  of  Phase  I  for  the  Prop  Rotor  transport  mission  and  for 
the  rescue  mission.  The  aircraft  is  sized  to  fly  the  transport 
mission.  Its  performance  capabilities  for  the  rescue  mission 
are  determined. 

A.  Transport  Mission 

For  this  mission  the  aircraft  shall  have  a  payload  of  5  tons 
and  have  a  cargo  tie  down  system  -compatible  with  the  463L 
pallets.  At  overload  gross  weights,  the  cargo  space  shall  be 

suitable  for  an  8-1/2  ton  payload.  A  crew  of  3  is  used. 

1I1-X 


The  design  is  not  to  be  constrained  by  external  noise  or 
autorotative  requirements. 

The  landing  gear  is  to  be  compatible  with  a  running  take  off* 
at  overload  gross  weight  (8%  toe  payload),  from  a  semi* 
prepared  runway,  it  shall  be  designed  for  a  sink  speed 
of  12  ft/sec  at  normal  gross  weight. 

The  following  are  the  segments  of  the  mission* 

1.  Warm  up  and  taxi;  2  minutes  (NIL  C -5011a)  , 

2.  Take  off  and  hover,  1  minute,  2500*  33*  (at  MIL  power  or  less) 

3.  Transfer  to  std  temp  at  2500*  (no  time  and  fuel  allowance) 

4.  Clinb  at  max  R/C  from  2500*  to  10,000  feet.  Standard  day 
~-r  at  HRP 

5.  Cruise  at  350  knots  to  150  H.  Miles  from  base  at  10,000* 
standard.  (400  knots  dash  capability  must  be  available 
at  MXL  power.) 

0.  Descend  to  sea  level  (no  time  and  fuel  allowance) 

7.  Dash  at  300  knots  for  100  nautical  miles  at  sea  level 
standard  at  MIL  power  or  less. 

8.  Transfer  altitude  to  2500*  93*  (no  cime  and  fuel  allowance) 

90  Hover  2  minutes  at  2500*  93* 

10.  Land  and  exchange  payload  (one  minute  time,  no  fuel 
allowance) 

11.  Warm  up  and  taxi  2  minutes,  (MXL  C-5011A) 
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i.2.  Sake  off  and  hover,  1  minute  at  2500'  93* 

13.  Transfer  to  sea  level  standard  (no  time  and  fuel  allowance) 

14.  Dash  at  300  kt  for  100  n.  miles 

15.  Clisto  to  10,000  feet  at  max  R/c  at  HR?  on  standard  day 

16.  Cruise  at  350  knots  back  to  base  on  standard  day 

17.  Descend  to  2500*  93*  (no  time  and.  fuel  allowance) 

18.  Hover  2500*  93*  for  2  minutes  (no  fuel  allowance) 

19.  Land  with  10%  fuel  left 

HOTS:  All  SFC's  to  be  increased. 

Figure  III-l  depicts  this  mission. 

B.  Rescue  Mission 

TO  perform  the  rescue  mission  the  basic  transport  aircraft 
is  modified.  This  involves:  1)  the  removal  of  the  463L 
cargo  system  and  troop  seats,  2)  the  addition  of  litters 
and  seats,  two  machine  guns,  armor  plate,  medical  equipment, 
two  medics  to  the  crew,  rescue  hoist,  additional  ir  .el  and 
fuel  tankage  and  3)  the  changing  of  the  electronic  equipment 
to  that  required  for  rescue  operations'.  A  detailed  listing 
of  these  changes  is  provided  in  the  weights  section  of  this 
report. 


With  the  aircraft  chosen  for  the  transport  missions,  the 
cargo  nod  useful  load  for  the  transport  mission  will  be 
replaced  by  equipment  and  additional  fuel  tankage  required 
for  the  resets  mission  (no  "snatch*  system  will  be  required.) 
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transport  mission  description 
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Rescue  MISSION  description 


RESCUE  Mission  DEFINITIONS 


FIGURE  HI-1  TRANSPORT  AMD 
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The  following  are  the  segment*  of  the  mission. 

1.  Warm  up  and  taxi  2  minutes  at  MRP 

2.  Take  off  1  minute  at  Max  Stated  at  2000  ‘  95*  ST0£ 

3.  Clink  at  best  R/C  at  NS1,  AHA  hot  day 

4.  Cruise  at  HRP  to  300  miles  from  base  to  20,000  feet 
AHA  hot  day  at  NRP 

5.  Descent,  co  3900*, AKA  hot  day  {no  time  send  fuel  allowance) 

6.  Cruise  at  350  knots  at  3000* .  ASA  hot  day  tor  200  nautical 
miles 

7.  Climb  at  best  R/C  to  7000*,  AHA  hot  day  at  HRP 

8.  30  minute  search  at  100  knots  or  less,  7000*  AHA  hot  day 

9.  Descend  to  6000*  95*  (no  time  and  fuel  allowance) 

10.  30  minutes  hover  at  6000*  95*  at  MIL.  Pick  up  1200  lb 
midway  through  hover. 

11.  Descend  to  3000*  AKA  hot  day  (no  time  and  fuel  allowance) 

12.  Cruise  at  350  knots  at  3000*  AKA  hot  day  for  200  nautical 
miles 

13.  Climb  at  best  R/C  to  10,000*  AHA  hot  day  at  HRP 

(This  altitude  is  based  on  carrying  injured  persons  without 
pressurization) 

14.  Cruise  back  to  base  at  HRP,  AHA  hot  day 

15.  Descend  to  2000*  93*  (no  time  and  fuel  allowance) 

16.  Land  with  10%  reserve  fuel 

HOTS*  SFC's  are  to  be  increased  5%  above  specification  values 
per  MIL  C-5011A 

Figure  IIX-1  depicts  this  mission. 


C.  Alternate  Transport  Mission 

After  a  point  design  has  been  chosen,  the  following  simple 
r^iseion  will  establish  the  importance  of  emph&sing  the 
hover  and  forward  flight  mode.  All  SPC  ere  increased  by 
S%  in  accordance  with  MXL-C-5011A. 

1.  Load  aircraft  with  payload  (P) 

2.  War*  up  and  tax.i,  2  minutes  (MTL-C-5011A) 

3.  Take  off  and  hover  one  minute  at  2500* 

4.  Transfer  to  std.  temp.  at  2500* 

5.  Climb  at  max  K/C  fro*  2500*  to  10,000'  standard  day, 
HRP 

6.  Cruise  at  normal  rated  power  to  radius  (E) 

7.  Transfer  altitude  to  2500  '  93*  (no  time  and  fuel 
allowance) 

3.  Hover  for  (H)  minutes  at  2500'  93* 

9.  land  and  exchange  payload  (no  time  and  fuel  allowance) 

10.  warm  up  and  taxi  2  minutes  at  60%  ail  power  2500*  ?<3* 

11.  Take  off  and  hover  one  minute  at  2500'  93* 

12.  Transfer  to  2500'  standard  day 

13.  Climb  to  10,000*  at  max  R/C  at  HRP  standard  day 

14.  Cruise  at  normal  rated  power  back  to  base. 

15.  Descend  to  2500'  93*  (no  time  and  fuel  allowance) 

16.  Hover  at  2500’  93*  for  2  minutes  (no  time  and  fuel 
allowance) 

17.  Land  with  10%  fuel  left. 

Payload  (p).  Hover  time  (B)  and  Radius  (R)  axe  to  be  varied 
within  fuel  and  payload  available. 
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BASELINE  CONFIGURATION 
A.  3 -View 

Figure  XXX-2  drawing  SK21S-2I583  shave  the  general 
arrangement.  The  selection  of  a  high  wing  configuration 
is  to  provide  nacelle  to  ground  clearances.  The  location 
of  the  engines  and  the  complete  drive  (transmission)  system 
within  the  tilting  nacelles  is  based  on  reducing  the  dependence 
on  the  interconnecting  shafting.  The  arrangement  shown 
requires  the  use  of  crossshafting  only  to  provide  power 
between  nacelles  in  the  event  of  an  engine  out  condition. 

An  engine  or  an  engine  to  nacelle  shaft  failure  has  the 
effect  of  a  power  reduction  only.  The  loss  of  the  cross 
shafting  between  nacelles  has  no  effect  on  the  aircraft 
if  all  engines  are  operating. 

The  wing  is  positioned  on  the  fuselage  and  the  nacelle 
tilt  axis  is  located  so  that  during  normal  c.g.  the  rotor 
thrust  in  the  hover  mode  is  through  the  c.g.  In  cruise 
flight  the  c.g.  is  at  the  25 %  chord.  This  minimizes  the 
amount  of  trim  required  and  the  change  in  trim  during 
conversion. 
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The  clearance  between  the  prop  pitch  axis  and  the  wing 
leading  edge:  has  been  selected  at  4.5  ft  for  the  USAF 
tilt  rotor  aircraft.  This  clearance  is  based  on  & 


structural  design  limit  gust  of  50  ft/sec  at  400  knots 
(dash  speed)  10,000  ft  standard  day. 

This  clearance  enables  the  pivot  to  be  positioned  approxi 
mateiy  at  the  shear  center  of  the  wing  ( 38%  c) ,  and  with 
the  thrust  line  in  hcver  through  the  hover  eg.  The  cruise 
eg  is  at  25%  cT. 

This  clearance  is  considered  to  be  conservative;  however, 
better  precision  would  require  the  use  of  power  spectral 
models  and  probability  assessment  of  gust  occurrence 
and  failures. 

The  cargo  compartment  size  is  432  inches  long,  104  inches 
wide  and  110  inches  high  giving  a  volume  of  2,874  cubic 
feet.  This  size  has  been  used  in  other  Air  Force  light 
transport  studies. 

The  major  components  are  discussed  in  the  following  para¬ 
graphs. 
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B.  Fuselage  and  Landing  Gear 

The  fuselage  was  sized  by  the  cargo  compartment  dimensions, 
crew  compartment  and  loading  raap  arrangement,  the 
fairing  of  the  aft  end  of  the  fuselage  was  studied  to 
determine  the  minimum  length  that  could  be  faired  around 
a  ramp  and  door  arrangement  which  allowed  loading  of 
pallets  and  vehicles.  This  was  a  length  68’4tt  for  the 
fuselage.  Afterbodies  which  were  longer  (greater 
fineness  ratios)  were  also  studied  for  their  effect  on 
drag,  tail  arm  and  size  and  the  resultant  effect  on 
gross  weight.  The  results  are  shown  on  Figure  II I -13. 

The  shortest  length  satisfied  the  loading  condition 
and  this  produces  a  minimum  gross  weight. 

The  landing  gear  is  of  the  tricycle  arrangement  with 
dual  nose  wheel  and  tandem  wheels  on  each  main  gear. 

This  arrangement  was  selected  to  provide  low  weight, 
small  retracted  gear  volume  and  provide  the  coverage  and 
passes  satisfactory  for  the  intended  use  of  the  aircraft. 

The  sizing  of  a  landing  gear  for  this  machine  was  based 
on  the  following;  data,  using  Reference  III-l  and  -2. 
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HOSE  WHEEL 

MATS  WHEEL 

1. 

Single  Wheel  Load  (SWL) 

U 

GW.±F_-y_* 

SWLH  ”  F  X  Sjj 

74000  x  (383-99.5) 

383  x  4 

74000  (383-256.3) 

SWLg  «  383  x  2 

SWL,,  -  13.693  Xb 

SWLjj  =  12.239  Ik 

2. 

Single  Tire  Contact 

Area  (A) 

Is. 

Deflection  (dn)  -  ffe? 

200 

=  x  (41.-21.25) 

200 

_  50(39.8-19.25) 

200 

dn  ■  5.137* 

dm  *  4.94" 

% 

=  2.36  d  V  (Do-d)(w-d) 

=  2.36x5.14  ^39.8-5.14)  (14-5.14) 

Am  “  222  sg  in. 

*K 

=  212.5  sot  in. 

Contact  Pressure  (CP) 

Is. 

CPH  =  SWLh/An 

212.5 


a  3-3693 
222 


FIGURE  IXI-3  MODEL  215  LANDING  GEAR 


HOSE  NHSKL 

MAIM  IcSESL 

4.  Contact  Area  Radius  (R) 

1*. 

%  «  ^212. 5/n 

®  ^222/fi 

Rn  =  8.24 

B/Rjj  =  24/8.24 

«  2.92  radii 

«M  *  8'4" 

D/Sfc  *  4^8.4 

-  5.60  radii 

ESWLjj  =  SWLjj  +  FACTOR  x  SWI^ 

056  .*. 

=  12, 239+. 58x12, 239 

=  19.459 

*  13.693 

5.  Coverages 

la. 

CBR  =  4  CBRi  *  2.16 

%  -fe)6  - 

CBR  -  4  CBRt  a  2.12 

*• 

CM  * 
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74,0CD 


Gear  Design  Gross  wt.  {IB) 
Take-Off  and  Landing  Mode 
C.B.F.  (%) 

Coverages 

aircraft  Fas*»u  (6  ft/sec  da  cel.) 

CG  Limits  Stn.  (ins) 

W.L.  (ins) 

5.L.,  (ins) 


Vertical 

c 

40 

38 

410+17.5 

219 

c  Aircraft 


Sink  Spssd  (ft/sec)  12 

Total  Vertical  Travel  of  Gear  (ins)  13.4 

Limit  Load  Factor  at  Gear  (g)  2 

/ 

Allowable  Tire  Inflection  (%)  50 

Overtu  Tiing  Angle  (deg)  27 


A  landing  gear  designed  to  the  above  criteria  was  analysed 
for  STOL  landings  at  a  deceleration  rate  of  6  ft/sec2  to 
determine  the  nudwr  cf  "aircraft  passes".  This  was  cal¬ 
culated  to  be  38.  The  analyses  are  prevented  on  the  follow¬ 
ing  pages. 

The  wheel  and  tire  selections  are  based  on  the  comparisons 
shown  in  Figure  II.-.  4  and  Figure  III-5.  Figure  ill-*  is 
for  a  wheelbase  of  383  inches,  '.his  is  used  on  Model  215. 
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Figure  III-5  is  for  a  432-  wheelbase  to  show  the  effect 
of  wheelbase  on  i&eel  and  tire  sises  as  a  function  of 
number  of  passes  and  coverage. 
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The  wing  thickness  is  21%  to  iinisige  wing  weight.  The 
dreg  divergence  Mach  So.  for  this  section  at  10,000  ft 
standard  day  has  been  calculated  at  »  0.618.  The 
flight  Mich  SO.  at  400  knots  is  0.626.  At  400  knots  we 
are  exceeding  Mpp  by  M  -  ).008. 

Trailing  edge  separation  could  occur*  triggered  by  com¬ 
pressibility  and  by  large  trailing  edge  angles.  This 
phenomenon  would  of  course  reduce  the  effectiveness  of 
aileron  controls  significantly. 

This  problem  can  be  alleviated  by  tailoring  the  position 
of  maximnit  thickness  cm  the  wing  and  also  by  the  use  of 
vortex  generators. 

Phase  II  of  the  contract  is  aimed  at  a  detailed  wing  and 
rotor  design  and  as  such  is  the  proper  time  to  assess  this 
problem  in  greater  depth. 

The  wing  chord  has  been  kept  constant  and  no  wing  sweep  is 
used.  OndLy  a  snail  amount  of  forward  sweep  is  attainable 
without  complicating  the  cross  shaft  and  the  fuel  tank 
installation. 
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Taper  was  avoided  based  on  previous  work  which  showed  that 
the  nacelle  pivot  structure  could  be  made  lighter  with  the 
greater  depth  achieved  with  an  untapered  pi  an  form.  This 
saving  was  greater  than  the  weight  penalty  at  the  wing  root 
of  the  un tapered  wing.  This  decision  will  be  reviewed  as 
part  of  Phase  II  wing  design. 

Fuel  is  carried  in  crash  resistant  self-sealing  tanks  in 
the  wing.  The  tanks  would  also  be  provided  with  a  flame 
suppression  system. 

The  leading  edge  of  the  wing  is  fitted  with  a  download 
reduction  device  which  is  also  intended  to  prevent 
skittishness  when  hovering  close  to  the  ground.  Simple 
trailing  edge  flaps  are  fitted  which  whe;\  fully  deflected 
also  serve  this  purpose.  They  are  used  as  flaps  and  ailer' 
during  late  transition  and  as  ailerons  in  cruise  flight. 


III-24 


Nacelle  arrangement 

Drawing  SK2 15-21584,  Figure  111-6^  shows  the  nacelle  arrange¬ 
ment*  A  large  tube  is  fixed  to  each  wing  tip.  Two  bearings 
sure  located  on  this  tube  to  attach  the  nacelle*  The  cross 
shafting,  mechanical  controls,  fluid  lines  and  wireing  pass 
from  the  wing  to  the  nacelle  through  this  tube  so  that 
they  are  located  at  or  near  the  center  of  rotation. 


A  truss  structure  attaches  to  the  bearings  at  the  pivot 
and  supports  the  transmission  at  the  other  end.  The 
transmission  is  mounted  at  the  forward  end  of  the  truss  so  that 
the  large  moments  and  forces  from  the  prop/rotor  do  not  go 
through  the  transmission  case.  This  prevents  case  deflec¬ 
tions  which  would  distort  the  transmission  ring  gears  and 
bearing. 

The  engines  are  mounted  in  the  opposite  end  of  the  nacelle. 

The  inlet  duct  has  a  high  ram  recovery  configuration  which 
would  be  used  in  the  airplane  mode.  An  alternate  air  door 
and  filter  system  is  fitted  for  use  in  the  hover  and  low 
spied  flight  regime.  This  prevents  sand  and  dirt  ingestion 
during  hover  and  STOL  operation  which  can  cause  rapid 
engine  deterioration. 
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Accessories  and  coolers,  are  also  shown.  An  exhaust  deflector 
is  fitted  to  the  engines  to  minimize  the  possibility  of 
setting  fires  When  operating  from  fields  with  dry  grass. 

These  deflectors  retract  in  airplane  flight  and  serve  to 
size  the  tail  pipe  to  the  desired  area  for  cruise  flight. 

F.  Engine  Selection 

In  the  power  class  require  1  for  this  aircraft  there  sure 
no  free  turbine  engines  of  current  technology  in  production. 
However,  General  Electric,  Allison  and  Lycoming  all  have 
developments  of  engines  from  which  the  required  engine 
could  be  based.  The  Lycoming  LTC4V1  free  turbine  engine 
was  chosen  since  it  has  ran  as  a  complete  engine  at  the 
required  power  and  Jemon strated  specific  fuel  consumption 
that  is  ao  good  as  that  used  in  this  study.  The  other 
engines.  When  scaled  to  the  required  power,  would  have 
very  similar  characteristics.  The  selection  of  a  specific 
engine  was  not  a  major  factor  in  the  overall  aircraft 
preliminary  design. 

G.  Prop  Rotor 

The  prop  rotor  which  will  be  designed  in  Phase  II  is  a 
hingeless  or  "rigid"  rotor.  It  has  a  hub  which  provides 
pitch  change,  both  cyclic  and  collective.  There  are  no 
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mechanical  hinges  for  flap  or  lag  notion. 

The  first  coupled  mode  frequency  (chordwise)  at  hover  rotational 
speed  will  be  approximately  .75  per  rev  and  the  second 
coupled  mode  (flapwise)  will  be  approximately  1.2.  These 
frequencies  are  selected  to  permit  design  of  a  blade  with 
relatively  low  blade  root  moments  and  stresses.  Also  the 
first  mode  frequency  is  high  enough  to  avoid  mechanical 
instability  with  a  small  amount  of  damping. 

The  blades  are  made  of  composite  materials  permitting  design 
freedom  to  readily  vary  the  blade  stiffness  and  shape. 

The  cyclic  and  collective  controls  are  contained  within 
the  rotor  propeller  housing  so  that  lubrication  is  provided 
with  a  minimum  number  of  seals  and  sand  is  excluded. 
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4  _  SENS  ZTT9JSX  AHD  TRADE  STUDIES 

Fig’ire  III-7  shows  an  overall  study  of  prop/rotor  diameter,  VTOL 
payload  and  gross  weight.  It  cam  be  seen  that  for  a  given 
payload,  the  disc  loading  effect  on  gross  weight  is  relatively 
small  in  tha  range  from  14  to  20  pounds  per  square  foot. 

Experience  with  low  disc  loading  VTOL  aircraft  (helicopters) 
has  shown  that  in  their  production  life  the  gross  weight  increases 
aAout  50%  as  a  result  of  additional  equipment  and  increased 
payload  capabilities.  For  this  reason  the  design  was  chosen 
to  have  a  disc  loading  of  14.  This  would  mean  that  a  disc 
loading  of  approximately  21  would  be  achieved  in  the  later 
production  versions. 


T*-.e  impact  of  the  airplane  flight,  load  factor  on  weicflvt  is 

shown  in  Figure  III-8.  The  sensitivity  is  shown  to  be  about 
2000  lb/ g. 

A  curve  of  hover  tip  speed  and  gross  weight  is  shown  in  Figure 
III-9.  The  major  saving  in  weicht  with  high  tip  speeds  is  in 
the  transmissions  because  of  the  lower  torque  and  in  the  rotor 
because  of  a  reduction  in  blade  area.  The  compressibility  losses 
associated  with  hich  rotor  tip  speeds  in  cruise  (i.e.  Mach  Number 
effects)  as  well  as  noise  are  deterrents  to  the  higher  tip  speeds. 
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Figure  III -10  shows  the  gross  weight  change  as  a  function  of 
speed.  Since  the  aircraft  has  a  relatively  low  disc  loading 
the  power  required  in  hover  is  low  while  the  requirement  to 
overcome  airplane  drag  at  high  speed  sizes  the  engines  and 
transmission.  The  power  redaction  with  reduced  speed  is 
reflected  by  the  gross  weight  reduction. 

The  effect  of  the  percent  reduction  in  rpm  from  hover  to 
cruise  is  shown  in  Figure  XII-ll.  The  reduction  of  prop/rotor 
rpm  at  cruise  is  desireable  in  order  to  provide  higher  blade 
loading.  However  the  reduced  rpm  results  in  higher  transmission 
torque  and  therefore  weight.  Moreover  if  the  speed  change  is 
to  be  accomplished  without  the  complexity  of  a  gear  shift,  the 
design  of  the  power  turbine  and  the  fuel  control  system  must  be 
considered.  The  power  turbine  with  its  hover  rpm  5%  above 
optimum  and  with  a  30%  reduction  in  rpm  for  cruise  provides  the 
greatest  realizable  weight  saving.  Larger  speed  reductions 
result  in  increased  specific  fuel  consumption  and  weight 
negating  the  improved  prop/rotor  efficiency. 

The  Figure  IXI-12  shows  the  effect  of  tail  area  on  gross  weight. 
The  tail  volume  chosen  is  dictated  by  stability  and  flying 
qualities  and  is  discussed  in  Section  4. 
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FIGURE  III-10  VARIATION  OF  MODEL  215  GROSS  WEIGHT  WITH 
CRUISE  AND  DASH  SPEED  REQUIREMENTS 
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Since  the  cruise  (dash  speed)  condition  sizes  the  engine,  the 
gross  weight  of  the  vehicle  is  extremely  sensitive  to  parasitic 
drag.  This  trend  curve  is  given  in  Figure  III-14  for  the  design 
point  vehicle.  In  the  Phase  II  effort  fc.  a  reduction  of  drag, 
especially  at  high  Mach  Nos.  will  be  a  major  concern  ^,id  high 
Mach  No.  airfoils  sections  (using  Pearcly's  "peaky"  criterion) 
presently  under  investigation  at  Boeing  will  be  evaluated. 

The  effect  of  wing  loading  is  complicated  by  the  unusual  wing 
load  bearing  requirements.  For  minimum  weight  the  wing  span 
is  dictated  by  the  rotor  radius  and  clearance  from  the  fuselage. 
Thus  changes  in  wing  loading  are  effective  chord  variations.  The 
tilt  rotor  wing  is  required  to  carry  the  full  rotor  thrust  at 
the  wing  tips  and  hub  moments  and  shears  transmitted  to  the  wing 
require  the  use  of  a  large  wing  structure  box.  The  effect  of 
>ing  loading  on  g-oss  weight  as  shown  in  Figure  III-15. 

In  order  to  provide  visibility  in  selecting  engines,  a  curve 
of  gross  weight  tc  a  reference  specific  fuel  consumption  is 
given  in  Figure  III-16.  The  Lycoming  LTC4V1  is  in  the 
SFC*  of  0.42  class  which  is  the  design  point  marked  on  the  curve. 

The  combination  of  low  disc  loading  and  high  dash  speed  provides 
excess  power  for  the  initial  version  aircraft  in  hover.  The 
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data  presented  in  Figure  III-1?  gives  the  sensitivity  of  gross 
weight  to  the  dash  speed  requirement .  As  the  aircraft  matures 
in  production,  the  gross  weight  (and  payload)  will  increase.  This 
requires  a  larger  increase  in  power  to  maintain  the  same  hover 
performance  them  is  required  to  maintain  the  same  dash  speed. 
Therefore,  as  the  aircraft  grows  it  will  approach  a  power  match 
at  vertical  and  horizontal  flight  conditions.  This  curve 
demonstrates  that  in  order  to  provide  a  power  match  at  the  prop/ 
rotor  diameter  selected  the  dash  speed  would  have  to  be  reduced 
to  270  kt  (TAS)  at  10000  ft  standard. 

The  download  allowance  (T/W  =  1.043)  and  hover  maneuver  margin 
(1.15g)  used  in  the  design  of  Model  215  are  discussed  in  detail 
in  Section  IV.  In  order  to  provide  insight  into  the  weight 
penalty  incurred  by  increased  maneuver  load  factor  capability 
or  download  weight  sensitivity  data  is  shown  in  Figure  IIX-18. 

The  effect  of  cruise  efficiency  on  the  design  gross  weight  is 
shown  in  Figure  III-19.  This  reflects  the  importance  of  accurate 
cruise  efficiency  prediction. 
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SECTION  IV 


MISSION  PERFORMANCE 


1.  SUMMARY 

The  performance  task  of  the  tilt/rotor  configuration  is  one 
of  design  compromise  between  the  two  flight  modes  of  hover 
and  cruise  flight.  The  design  end  points  of  hover  time,  alti¬ 
tude,  temperature  and  weight  coupled  with  the  high  speed 
cruise  conditions  define  a  particular  vehicle. 

For  the  baseline  configuration  with  a  dash  speed  of  400  knots 
(TAS)  at  10,000  ft. /Standard, and  hover  requirements  at  2,500 
ft. ,93°  the  emphasis  of  the  design  is  weighted  heavily  on  the 
cruise  condition.  This  does  not  mean  that  hover  problems  can 
be  neglected  since  small  increments  of  hover  download  or  rotor 
efficiency  cause  sizeable  increases  in  the  design  gross  weight. 

In  this  section  of  the  report,  the  performance  for  the  trans¬ 
port  mission,  the  rescue  mission,  and  the  alternate  transport 
mission  are  discussed.  Then  the  methodology  used  for  hover 
and  cruise  is  discussed.  Transitional  performance  and  STOL 
take-off  are  discussed  as  applicable  to  the  mission  performance. 
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2. 


TRANSPORT  MISSION 


Aircraft  sizing  and  performance  for  the  transport  mission 
shown  in  Figure  IV- 1  has  been  estimated  by  using  the  V/STOL 
Aircraft  Sizing  and  Performance  Computer  Program  (VASCOMP  II), 
Reference  IV- 1.  The  baseline  Model  215  configuration  (GW  *= 
67,000  lbs.)  described  in  Section  III  was  sized  to  fly  the 
primary  transport  mission.  The  mission  performance  fuel  re¬ 
quirements  are  given  in  Table  IV- 1  and  the  mission  time 
history  is  plotted  in  Figure  IV- 2 .  The  design  gross  weight 
of  this  aircraft  is  67,000  lbs  and  10,224  lbs.  of  fuel  are 
required  to  fly  the  basic  transport  mission  with  a  payload 
of  five  tons.  The  total  mission  time  is  1.7  hours. 

A.  Hover 

The  hover  Performance  for  the  transport 
mission  is  shown  in  Figure  IV-3.  These 
calculation  are  based  on  a  download  of 
4.3%  of  the  hover  gross  weight,  sea  alti¬ 
tude  of  2,500  feet  at  93°  and  rotors 
sized  to  provide  a  net  thrust  load  factor 
of  1.15  in  hover  before  the  stall  flutter 
rotor  limit  is  reached.  Rotor  limits, 
load  factor  and  download  are  discussed 
in  the  following  sections  on  hover 
methodology.  The  hover  -  RPM  for  this 
condition  is  295, 
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TABLE  IV- 1 


Segment 


BASgL'QtE  COWg IGPRATIOW  TRANSPORT  MISSION 


T.O.  Gross  WT  =  67,000  lbs.  (5%  Fuel  Allowance) 


Altitude  Temp  °F 
(Ft) 


Range  Mean  Fuel 

K.K.  Airspeed  (lbs) 

TAS  (kts)  Used 

(End  of 
Segment) 


Mean 

Spec 

R?nge 


(N.M./f) 


Want  Up-Taxi 

0.0 

Std.  Day 

0.0 

0.0 

220 

N.A. 

T.O.  and  Hover 

2,500 

53° 

0.0 

0.0 

313 

N.A. 

Climb 

2,500  to 
10,000 

Std.  Day 

6.85 

210 

559 

N.A. 

Cruise 

10,000 

Std.  D*y 

150.0 

350 

2,856 

0.0623 

Cruise 

0.0 

Std.  Day 

250.0 

300 

4,622 

G.0566 

Hover  Land 

2,500 

93° 

250.0 

0.0 

4,794 

N.A. 

.change  Payload 

2,500 

93° 

250.0 

0.0 

4,794 

N.A. 

Warm  Op-Taxi 

0.0 

Std.  Day 

250.0 

0.0 

5,015 

N.A. 

T.O.  and  Hover 

2,500 

93° 

250.0 

0.0 

5.101 

N.A. 

Cruise 

0-0 

Std.  Day 

350.0 

300 

6,848 

0.0573 

Climb 

0-0  to 
10,000 

Std.  Day 

356.7 

206 

7,102 

N.A. 

Cruise 

10,000 

Std.  Day 

500.0 

350 

9,295 

0.0654 

Mission  Fuel  Required  9,295  lbs. 
10%  Reserve  Fuel  929  Lbs. 
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The  selection  of  the  nnmber  of  engines  is  influenced 
markedly  by  the  hover  performance  with  an  engine  oat. 

The  requirements  for  engine  oat  conditions  are  that 
the  aircraft  will  have  sufficient  power  to  convert  to 
the  cruise  mode  or  return  safely  to  the  ground.  The  power 
available  at  maximum  power  setting  on  standard  and  93° 
days  for  three  of  four  engines  operating  and  for  one  of 
two  engines  operating  is  compared  with  power  required  in 
Figures  IV- 3  and  4.  At  the  design  mission  requirement  of 
2,500*  93°,  it  is  shown  that  the  two  engines,  one  of  which 
is  inoperative,  the  hover  requirements  cannot  be  met  at 
take-off  or  raid-mission  gross  weight.  With  a  four  engines 
configuration,  all  hover  conditions  for  both  the  transport 
and  the  rescue  missions  can  be  met  with  three  engines  opera¬ 
ting  at  less  than  max.  power.  This  consideration  is  a  major 
factor  in  the  decision  to  provide  a  four  engine  (two  per  pod) 
aircraft. 

The  hover  performance  of  the  rotors  foe  the  transport  air¬ 
craft  is  given  in  Figures  IV-5  and  IV- 6  and  indicates  a  peak 
figure  of  merit  of  71.8%  at  the  design  thrust  coefficient  of 
0.0718  (0.009175  in  rotor  notation).  It  should  be  emphasized 
that  this  hover  performance  level  is  compromised  to  provide 
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FIGURE  IV-4 


POSER  MARGIN  FOR 


ADVANTAGE  OF  4 


(STANDARD  DAT)  SBOtiS 


FOR  ENGZRE-OOT  CASE 


an  optimum  trade-off  with  cruise  efficiency 
and  thus  minimize  the  gross  weight  of  the  air¬ 
craft.  A  major  task  in  the  Phase  II  of  this 
work  will  be  to  expand  this  optimization  to 
systematically  include  stress,  weight  and  dy¬ 
namics  limitations.  Further  developments  in 
high  Mach  number  blade  sections  currently  under 
investigation  at  Boeing  cam  also  be  incorporated 
at  that  time. 

B.  Transition 

The  preliminary  design  of  the  transport  configuration 
is  primarily  considered  at  the  end  points  of  the 
flight  envelope  (hover  and  cruise) .  A  constraint  on 
the  design  is  the  maintenance  of  an  acceptable  transi¬ 
tion  corridor.  Such  performance  is  estimated  in  level 
flight  and  accelerated  transition  characteristics  as 
shown  in  Figure  IV-7 .  The  accelerated  trims! tion 
shown  is  completed  in  24  seconds  from  hover  to  180 
knots  with  an  average  acceleration  of  0.4g.  In  the 
early  stages  of  transition,  the  umbrella  flaps  are 
open  to  minimize  download  due  to  prop/rotor  downwask. 
The  umbrella  flaps  are  kept  open  up  to  a  velocity  of 
approximately  50  fps  in  order  to  provide  a  wing 
spoiler  action.  This  is  to  ensure  that  both  wing 
lower  surfaces  unstall  at  tha  same  time  (when  the 
umbrella  is  closed) . 
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The  transitional  data  presented  in  this  section  is 
based  on  wind  tunnel  test  data  of  an  unpowered 
model.  Reference  VI-3  and  preliminary  data  from  the 
13  ft.  Dia.  Model  215  isolated  rotor  tests  conducted 
at  OHERA  this  year.  Typical  transition  rotor  per¬ 
formance  characteristics  are  given  at  a  propeller 
advance  ratio  (J)  of  0.4  in  Figure  XV- 8 . 

Climb 

The  transport  mission  requires  normal  rated  power 
climbs  with  all  engines  operating  at  cruise  rptn  in 
standard  day  conditions.  As  shown  in  Figure  IV- 9, 
this  aircraft  will  climb  at  rates  greater  than 
3,500  feet  per  minute  under  these  conditions.  The 
maximum  rate  of  climb  at  sea  level  for  a  67,000  lb 
aircraft  is  4,561  ft/minute  and  the  indicated 
service  ceiling  is  26,000  ft.  This  performance  is 
calculated  using  standard  airplane  methodology. 
Performance  of  the  aircraft  under  engine-out  con¬ 
ditions  is  shown  din  Figures  IV-10  and  IV- 11 
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FIGURE  IV- 9  MAXIMUM  RATE  OF  CLIMB  PERFORMANCE  OF  TRANSPORT  AIRCRAFT 

IN  AIRPLANE  MODE 
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FIGURE  XV-10 


MAXIMUM  RATE  OF  CI-IMB  OF  TRANSPORT  AIRCRAFT  WITH 


OF  FOUR 


■BBaaaaaaBBBaaBgBBiaaaBBB 

BBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBB 

■■■■■iBniHiiBB 

BBlBHliB 


mbirbckhimhib 
■■■■■■  a. 

bbbbbbbbb  bb  bb  bbbbbbbbHMI 


IBB BBBBBBBBBBBBBBBBBBBBBBBBB 

ibbbbbbbbbbbbbbbbbbbbbbbbbbb 

bbbBbbbbbbbbbbbbbbbbBbbbbSb 

IHMMBBBBBBaBIIHBBimil 
BBBBBBBBBBBBBBBBBBBBj 
BBBBBflBiBBBBBBBaBBBB 


iBBBBBBBBBBBBBBBBBBBB' 


i»BBSBBa.»  IBBaSBBMBBBBBW 
Ibbbbbbbbbbbbbbbbbbbbbbbb 

[BBBBBBBBBBBBBBBBBBBBBiig 

. ..  BbbbbbbbbbbbI . 

[bbbbbbbbbbbbbbbbbbbbbbb| 

IbbbbbbbbbbbbbbbbsbbbbbbI 
IbbbbbbbbbbbbbbbbbbbbbbbM _ _  _ 

B  B  B  B  B  B  B  B  B  B  B  BBBflBBBBBBBBgBBl 

(■■■■HRflBBBBBBBBBBBBBBBBBBBBJIBSBBMHHHHHISRSSHIIIIKIIilBMH 
BBBBBBflBBBiiflflBBBBflBBBBiBBBBBBBflflBBBBflBBBBBliiBiliiiiiiiiiiBBBBaBBaBfll 
BBflBBBBBBBaBBBBBBflflBBflBBBBBBBiiBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBfl 

|bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbbbJ 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBflHTT^r-nT-iaBBBBBBBBBBBBBBaH 
BBaBflBBBBBBBgBBBBBBBBBflBBBBBBBBBBBflBBBBBflBBBBB==S.SiU:aBBBBBBBflBBBBBBflBW 
BBBBSBBBBBiflSflBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBflBr^”?*r^7.”"””"”SflBflSflSaSS 
[BBBBBBBBBB BBBBBBBBBBBBflBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBSBBBaBBBBBBBBflBB 
BBBBBBBBBBfl3fiBBfliBBBBBBBBBBBBBBBBBBflaBBBBBflBBBF.1<:'UI-7rr"7B""BBaBBBBBBaB 
iBBBBaBBBBBBflBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBB BBBBBBBBBBBBBBBBaaBBBflBaaa 
BBflaBBBBBBBBaBBBaflBBBaBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBaaaaBBBflaa 
aBBBBBBBBBBBaBBC^XM^BBBBflBBBBaBBBBBBBBBflBflBBBBBaBBaaBaBBSaaBaaaaBaflBaS 
IlllIBlBlBllllBBIiaaagBBBBBlBBBIBlBBBBBBBBBBBBBBBBBaBBaaaaiBBaaBaaaBBBBai 
■HHHHHMHMNMIfllfllfllllflMflHHHNHM|NHHMB^H^^BBBBBBBflBBBBBBBBB| 


|bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb| 

. . 

■■■*■■■»■■■■■■■■■■■■ J^bbbbbbb" ■■**■■■ ■■■■■aBaBBBBBaBBaBBBBBiBBBaaaaaaa 
■aBBflBBBBBflflBBBWr>?^^Va«BBBBflBaBflBBBBBBBBaBflflBBBBBBBBBBBBBBBBBBBBBaBBflB| 
^■■■■■■■■■■■■■ifiSSfSJ^MJSJBBBBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBl 

^^^^^^^■^^^^^^^^■^■■■M^H^^HHSSBBBBBBflaBBaaflBBBBBBflBBBBBB 


SSSSSSSS!!giiinSSS|HMSSSS!SSSSSSuSSSiaS»nSSSSSS!!!!S!!!!!S!!!n 

■BBBBBBBBBBBBBBaaaBBBBBBBBMBi^BBBf/BBBBBBB  BBBBBBBBB  BBBBBBBBBBBBBBBBBBBBbI 


|  BBBBBBBBBB BBBBBBBBB 

iBBBBBBBBBBBBBBBBgBB^ — 
ta*|*P@««iaBgBBB:S*ai»  BBBBBttBB.IB  ^'.BBBBBBBBBBS: 


BBBBBBI 


IBBBBBBBBBBBBBBBBBBBB BB 

bbbbbbbbbbbbbbbbbbbb  §■» 

IBBBBBBBBBBBBBBBBBBBB Bfl 


■■■■■■■■■■^■■■■■■HfBMaaaflflBBBBaBBaaBBBBBaBBaBBBB 
jiliiiiiiSniiiiiiiijijjj  »  n  u  bbi  ii  bbb 

■B BBBBBBBBB lBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BbBIBBBBBBiIB'.'V.iBBBBBBBB  BBBBBBBBBBBBBBBBBBBB  BBBBBBBBBB 
1*1  IB  BlkV  ■■  B  IBBBBI  IBB  ll  Si  I 

■  t  IlfVIUrtfT  -  M1B  IB-  IS  \  IIB:  !S8!  II  BBIB 

^^^^■^^■■naBflBfaflBBBa&f^ri'WBBBBBBBaflBaBBBBBBaBBBiBBBBBBBBflflaBflafl 
WBbBBBBBBBBBBBBBBBBB  BBBBBBBBBBBB.BBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
ggfSBBBBBBBBBaBBBBBBBBBBaBBBBBBBLBBBBBBBBBBBBBBBBaaaaaaaaaaaaaaaaaaaaa 
iBBBBBBBBBBBBBBWgBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBtBBBBBBBBBBBB 
BBBBBBBBBBBBfiBBBiMaBBflBBBflBBBflBB^flBBBaBflBBBBBBBBBBaflaBBBBaSflBBBBBaaBBBB 
IBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBaBnBBBBBBBBBBBBBBBBBBBBBBBBaBaaaaaaBBBaal 
BBBBBBBBBBBBBBBBBBBB  ■^I'^BlVr’JM'BflBBBBBBBBBBBBBflBBBBBBBBBBBBBBB  BBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBB BB BBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB 
■■■■■BBBBBaBBBBBBBBBBBBBBBBBBBaBB,,"5^r  r.r^^r’MlVrr-'TVBBBBBBBBBBBBBBBBBBBBBa 
IBBBBBBBBBBBBBBBBBBBB  BBBBBBBBBBBBBBBBflBBBP'lirBBBBBBB  BBBBBBBBBBBBBBBBBBBB  I 
IBBBBBBBBBBBBBBBBBBBB BBBBWBBBBBBBBBBBBBBBBBBBBBBflBBBflBBBBflBBBBBBBBBBBBBl 
BBflBBBBBBBBaBBaBBBBBaBBBBBBBBaflBBBBBBBBBBBBflBBBBBBaaflBBBBBBBaBBBBBflBBBl 
BBBBBBBflBEBBBBBBBflflBaflBflBBflBflBflflBBBBBBUBBBBBBBBBBBBBBBBBBBBBBBBBBflflBB 
■■■■■■■■■■»■■■■ BBBaBaBpBBBBBBBBBBaBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BUBBBBBBflBlBBaBBBMaHBinBBBUHaaHBBflnflBBBBaaimBBBBflBflBBBBBBBBfl 
BBBBBBBBBBBBBBBBBBBB3BBBBBBB*7^'7BflBBBBfl5r/7}ilBBBflBB?^BBBBBBBBBBBBBBaHaal 
BBBaaBBBBBBBBBBBBBBBaBBflBBBBBBBiBBBBaBBBBBBBBBBBBBiiBBBBBBBaBaaaBa^^H 
illSIlIIilflllligiilllglilBlllllBIiBggBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBIlH 


FIGURE  IV-11 


MAXIMUM  RATH  OF  CLIMB  OF  TRANSPORT  AIRCRAFT  WITH  ONE 
ENGINE  OUT  FOR  TWO  ENGINE  CONFIGURATION 


i  i  i  i  i  ii  i  m  m  i  i  ii  i  i  i  m  i  ii  i i ii i i rr  r 


EBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBHI 
jBBBBBBBBBBBBBWBBBBBBBBB BBBBBBBBBB] 

ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


pBBBflflBBBBBBBBHBBBBBflBBBBBBflBiBBBflBBSBBBBBBBflBBBBBBBBBBBBBBBBBBBaBSmBl 
BBBflBBBBBBBBBBBBBBBBBBBBBBflSaBBBBflBBlBSBflBBBflBflBBflBflBBBBflBflBBBBflaBBH 

:::RSiiii:RK!8K:K:H:Ki»yjuiasisssssBgiilssiiss8SittiiSH 

BBBBBngBBBBBBB&iiiiBBBBBBBBBSBBl 

bbbI  . .  .  . . 

[BBBBBBBBBBBBBBiBBBBBBl 


IBBBBI 

IBBBBI 


BBBBBBBBBBBBBBBBBBBBBBl 


BBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWBBBBBBBBBBBflflBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

■flBiBBBBBBBBBaBBBaBBBflBBBBBBaBBBBflBBBBBBBBBaBflSflBBBBBBBBBBBBBBBBBBB: 


bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


Cruise  and  Dash 


The  cruise  and  dash  performance  or  the  flight 
vehicle  are  critical  for  two  basic  reasons. 

First,  the  dash  speed  requirement  of  400  knots 
sizes  the  engines  and  installed  horsepower. 

Secondly,  the  cruise  performance  dictates  the  pay¬ 
load-range  qualities  of  the  aircraft  and  as  such 
defines  if  productivity.  These  considerations  require 
the  design  emphasis  to  be  placed  in  the  airplane  mode 
to  derive  the  lightest  gross  weight. 

The  particular  problem  areas  are  the  minimization  of 
airplane  parasite  drag  and  the  maximization  of  prop/ 
rotor  efficiency.  These  requirements  are  constrained 
by  the  weight  and  stress  constraints  of  wing  design 
where  a  thick  sectioned  low  aspect  ratio  wing  (21% 
thickness  ratio  and  AR  =  5.2)  has  been  selected  based 
on  the  requirement  to  maintain  a  sufficiently  low 
stall  speed  to  provide  an  adequate  transition  corridor 
with  a  simple  flap  system. 

The  baseline  transport  configuration  (GW  =  67,000  lb) 
power  required  and  available  curves  are  shown  in 
Figures  IV-12  and  IV- 13 .  These  calculations  are  based 
on  the  airplane  drag  data  given  in  Section  VI  and 
engine  performance  calculated  as  described  later  in 
this  section. 
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It  cam  be  noted  in  Figure  IV- 13  that  at  the  higher 
altitudes  the  power  available  lines  for  all  power 
settings  (allowable  turbine  temperatures)  coincide. 

This  is  due  to  a  primary  gas  generator  rpm  limit 
and  is  a  function  of  the  particular  engine  cycle 
chosen  for  this  study. 

The  prop/rotor  cruise  efficiency  performance  used  in 
this  study  is  given  in  Figure  IV-14  and  the  increase 
is  effi  iency  with  reduced  rotational  speed  is  shown 
in  Figrn  IV-15.  The  cruise  flight  prop/rotor  RPM 
is  207  r  i^ced  to  70%  of  the  hover  value.  The 
sensitivity  studies  discussed  indicate 
that  this  reduction  ratio  is  optimum  from  a  minimum 
gross  weight  stand  point  since  the  increase  in  cruise 
efficiency  with  decreased  RPM  significantly  reduces 
advance  ratio  and  Mach  number  effects.  The  methodology 
used  to  calculate  propeller  efficiency  is  discussed 
later  in  this  section  of  this  report. 

The  intersection  of  the  available  and  required  power 
lines  provide  the  locus  of  the  maximum  steady  level 
flight  envelope.  These  data  are  given  in  Figures  IV-16 
through  IV-18  for  full  power  and  engine  out  cases.  The 
impact  on  cruise  velocity  of  the  flat  rated  transmission 
is  apparent  up  to  10,000  ft.  The  maximum  velocity  lines 
for  all  power  settings  above  10,000  ft.  are  coincident 
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FIGURZ  IV-15 


PREDICTED  VARIATIOK  OF  CRUISE  EFFICIENCY  WITH  R.P.M. 
SNOWS  SIGNIFICANT  INCREASE  RESULTING  WITH  70*  OF 
HOVER  R.P.M. 
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FIGURE  IV- 16 


AIRPIAUE  MODE  FLIGHT  ENVELOPE  OF  TRANSPORT 
AIRCRAFT  WITH  ALL  ENGINES  OPERATING 
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and  are  the  result  of  the  primary  gas  generator 
rpm  limit  previously  mentioned. 

As  shown  in  Figure  IY-17 ,  the  selection  of  a  four- 
engine  configuration  enables  the  350  kt,  10,00'J  ft, 
and  300  kt.  sea  level  transport  mission  requirement 
to  be  performer  at  less  than  MIL  power  with  one 
engine  inoperative.  The  two-engine  aircraft  would 
provide  a  275  kt.  10,000  ft.  cruise  or  263  kt,  tea 
level  cruise  at  MIL  power  with  one  engine  out. 

E.  Specific  Range 

Specific  ranges  are  presented  in  Figure  IV-19  for  a 
range  cf  operational  gross  weights  and  altitudes.  The 
maximum  endurance  data  for  the  67,000  pound  vehicle  is 
also  presented. 

The  ferry  range  of  this  aircraft  is  26,000  miles  with 
an  overload  (STOL)  take-off  gross  weight  of  74,000  lb. 
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RESCUE  MISSION 
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The  rescue  mission  performance  has  been  considered  secondary  to 
the  transport  mission  in  so  far  that  no  design  compromises  ha.ve 


been  made  to  accommodate  this  requirement.  The  rescue  mission 
described  in  Section  III  is  such  that  the  initial  and  final  cruise 

9 

leg  distances  sure  left  to  be  determined. 

Two  configurations  have  been  considered  for  the  rescue  role.  First, 
a  converted  transport  VTOL  rescue  aircraft  with  a  take-off  gross  weight 
of  67,000  lb  and  secondly,  an  overloaded  converted  transport  with  T.O. 
gross  weight  of  74,000  lb.  For  the  latter,  a  STOL  take-off  is 
required  although  VTOL  capability  is  available  at  mission  mid-point 
and  landing. 

The  mission  data  for  the  67,000  lb  T.O.  gross  weight  aircraft  ! 

is  given  in  Table  IV-2  and  shows  a  range  of  642  HM.  The  take  off  ! 
gross  weight  of  74P00  lb,  corresponding  to  the  overload  transport, 
aircraft  is  capable  of  1000  KM.  range  as  indicated  in  Table  IV-3. 

The  possibility  of  using  a  smaller  fuselage  for  the  rescue  aircraft 
was  suggested  however  in  view  of  the  acceptable  performance  of  the 
overloaded  tram  sport.  This  refinement  was  considered  unnecessary. 

A.  Overload  Gross  Weight  STOL  Take-Off  for  Rescue  Mission 
In  order  to  fly  the  rescue  missiory,  take-off  must  be  made 
at  an  overload  gross  weight  of  74,000  lb.  Since  this  is 
greater  than  the  hover  gross  weight  at  2,000  ft/ANA  hot  day, 
a  rolling  take-off  must  be  made.  These  results  are  shown 
plotted  in  carpet  form  in  Figure  IV-20.  The  minimum  take-off 
distance  over  a  50  ft  obstacle  is  about  455  ft  at  -a  lift-off 
speed  of  38  fps  and  nacelle  incidence  of  75  degrees. 


i 

S3 

§ 

f 


'A 

* 

■9. 


IV- 2  9 


TABLE  IV- 2  RESCUE  MISSION  WITH  VTOL  TAKEOFF 

T.O.  GW  =  67,000  5 %  Fuel  Allowance 

MEAN 


SEGMENT 

ALT. (FT) 

TEMP. 

RANGE 

AIRSPEED 

KT 

FUEL  USED 

Warm  up  & 
Taxi  (.033) 

0 

STD 

0 

0 

220 

T.O. (VTOL) 
Hover ( .05) 

2000 

ANA  HOT 

0 

0 

310.0 

Climb 

to  20000 

ANA  HOT 

48.0 

240 

1382. 

Cruise 

20,000 

ANA  HOT 

117 

360 

2345.7 

Cruise 

3000 

ANA  HOI1 

317 

350 

5978 

Climb 

to  7000 

ANA  HOT 

321 

210 

6101 

Loiter 

7000 

ASA  HOT 

321 

100 

8091 

Hover 

6000 

ANA  HOT 

321 

0 

9206 

Pick  up 

1200  lb 

6000 

ANA  HOT 

321 

0 

9206 

Hover 

6000 

ANA  HOT 

321 

0 

10324 

Cruise 

3000 

ANA  HOT 

521 

350 

13785 

Climb 

to  10000 

ANA  HOT 

526 

206 

13960 

Cruise 

10,000 

ANA  HOT 

642 

400 

15963 

MISSION 

RESERVE 

FUEL 

15963 

1596 

TOTAL 

17559 
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TABLE  IV- 3 

OVERLOAD  CONFIGURATION  RESCUE  MISSION 
STOL  TAKE-OFF 

T.O.  GROSS  HEIGHT  78,000  LBS.  (5«  FUEL  ALLOW.) 


Segment 

Alt. 

(FT.) 

Team. 

°F 

Range 

N.M. 

Mean  Air¬ 
speed 

Fuel 

Used 

Spec 

Range 

Warm  Up 
and  Taxi 

0 

Std  Day 

0 

Ktg. 

220 

HA 

T.O.  STOL 

2,000 

ANA  Bot 

0 

- 

307 

HA 

Climb 

To  20000 

ANA  Hot 

75.0 

259 

1,706 

HA 

Cruise 

20,000 

ANA  Hot 

300 

360 

5,066 

.0670 

Cruise 

3,000 

ANA  Hot 

495 

350 

8,656 

.0543 

Climb 

To  7,000 

ANA  Hot 

500 

216 

8,817 

HA 

Loiter 

7,000 

ANA  Hot 

500 

100.0 

11,067 

HA 

Hover 

6,000 

ANA  Hot 

500 

0 

12,307 

HA 

iange 

Payload 

6,000 

ANA  Hot 

500 

0 

12,307 

HA 

Hover 

6,000 

ANA  Hot 

500 

0 

13,572 

NA 

Cruise 

3,000 

ANA  Hot 

700 

350 

17,204 

.055 

Climb 

To  10,000 

ANA  Hot 

706.9 

210 

17,424 

HA 

Cruise 

10,000 

ANA  Hot 

1,000 

400 

22,534 

.0573 

Mission  Fuel  -  22,534 
Reserve  Fuel  -  22,534 

TOTAL  FUEL  -24,787.4 
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The  large  optimum  nacelle  incidence  is 
primarily  due  tj  the  fact  that  the  tilt- 
rotor  aircraft  derives  most  of  its  lift 
from  the  rotors.  This  results  in  a  strong 
trade-off  between  lift  and  longitudinal  ac¬ 
celeration  as  nacelle  incidence  is  varied. 

At  low  nacelle  incidence,  the  acceleration  is 
large  but  a  higher  speed  is  required  for  lift¬ 
off.  At  high  incidence,  the  reverse  is  true. 
Since  take-off  distance  increases  with  lift-off 
speed  (specifically,  optimum  lift-off  speed)  but 
is  inversely  proportional  to  the  acceleration 
there  will  be  a  minimum  in  take-off  distance  at 
some  intermediate  nacelle  incidence. 


The  program  used  for  computing  take-off  performance 
is  based  on  a  two  degree-of-freedom  trajectory  analy¬ 
sis  of  the  take-off.  Equations  of  motion  in  the 
horizontal  and  vertical  directions  have  been  formed 
with  the  forces  on  the  airframe  defined  as  functions 
of  velocity.  The  resulting  equations  thus  comprise 
a  set  of  simultaneous  second-order  differential 
equations  which  can  be  solved  to  give  time-histories 
of  accelerations,  velocities,  and  distances  travelled 
in  the  horizontal  and  vertical  directions.  The  forces 
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on  the  airframe  are  computed  from  the  thrust 
of  the  rotors  and  the  power-off  lift  drag 
characteristics  of  the  aircraft.  Inclined 
disc  momentum  theory  has  been  used  to  give 
the  rotor  performance.  The  STOL  analysis 
has  four  modes  of  operation:  the  first 
simulates  a  rolling  take-off,  the  second, 
a  helicopter- type  take-off,  the  third  simu¬ 
lates  an  engine  failure  during  a  helicopter- 
type  take-off,  and  the  fourth  simulates  an 
accelerate-stop  maneuver  in  the  helicopter 
mode.  In  all  of  these  modes  except  the  ac¬ 
celerate  stop  mode,  the  take-off  maneuver  is 
assumed  to  consist  of  two  segments;  a  ground  run 
or  pre-rotation  segment,  and  an  air  run  or  past- 
rotation  segment.  The  ground  run  is  terminated 
at  some  rotation, or  lift-off  speed, entered  as  an 
input; or  computed, based  on  seme  critical  speed 
requirement  (such  as  stall  speed  or  an  engine- 
out  climb  requirement) .  In  the  accelerate-stop 
mode,  the  loss  of  an  engine  is  assumed  at  the 
rotation  speed  and  the  aircraft  is  then  rotated 
into  a  nose-up  attitude  for  deceleration  to  a 
stopo  During  the  ground  run  segment  in  all  modes, 
the  attitude  of  the  aircraft  can  be  limited  by 
fuselage  pitch  angle  or  the  height  of  the  nose 
wheel  above  the  ground  or  both. 


4.  ALTERNATE  TRANSPORT  MISSION 

The  baseline  configuration  performance  has  been  computed  over 
the  alternate  transport  mission  discussed  in  Section  III.  The 
objective  of  these  calculations  was  to  assess  the 'sensitivity 
of  mission  radius  and  mid-point  hover  time  in  terms  of  payload. 
The  general  ground  rules  used  in  the  primary  mission  calcula¬ 
tions  have  been  applied  and  the  assumption  made  that  changes 
in  payload  are  taken  up  by  fuel  (and  additional  tankage  where 
necessary) . 

These  calculations  were  also  made  using  VASCOMP  II.  The  re¬ 
sults  are  given  in  Figure  IV- 21.  It  will  be  noted  that  the 
mission  radiusfor  the  five  ton  payload  and  two  minute  mid¬ 
point  hover  time  is  in  excess  of  250  N.M.  (Primary  Mission 
Radius) .  This  is  due  to  the  more  favorable  specific  range 
obtained  at  10,000  ft.  altitude  since  the  mission  does  not 
call  for  a  sea  level  dash  as  does  the  primary  transport 
mission.  The  data  obtained  gives  a  trade-off  of  radius  to 
mid-point  hover  time  ratio  of  2.899  NM/Min  at  the  design 
payload  of  five  tons. 
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5.  HOVER  PERFORMANCE  HEgBPDOLOGT 

In  general  for  VTOL  configurations,  the  hover  condition  is 
critical  since  a  deficiency  in  hover  thrust  for  a  particular 
installed  power  reduces  the  payload  or  mission  fuel  carried. 

Further  \rfien  a  matched  configuration  is  considered  (equal  power 
for  hover  and  cruise  at  dash  speed) ,  the  impact  of  hovering 
efficiency  on  horsepower  required  and  hence  on  gross  weight  is 
large.  This  situation  is  not  the  case  of  the  Model  215  config¬ 
uration  which  has  a  diameter  of  55  feet  and  a  dash  speed  of  400  kt. 
The  impact  of  hover  efficiency  is  less  critical  since  the  power 
to  cruise  at  400  knots  exceeds  the  hover  power  required.  The 
gross  weight  of  the  aircraft  is  still  affected  by  the  required 
maneuver  load  factor  and  download  since  the  rotor  solidity# and 
hence  the  cruise  efficiency ,is  dependent  upon  these  parameters. 

This  section  of  the  report  gives  the  methods  used  to  treat  these 
problem  areas  and  shows  correlation  of  Idle  performance  prediction 
with  experiment. 

A.  Download  and  Hover  Maneuver  Load  Factor 

The  wing  download  technology  is  based  on  results  of  a  test 
program  of  the  Model  160  wing  under  a  CH-47B  rotor  which 
was  conducted  on  the  Wright-Pattersor  Air  Force  Base  whirl 
tower.  Simple  theoretical  methods  have  been  used  to 
extrapolate  this  data  to  the  present  configuration.  From 


simple  consideration?  of  swept  wing  area,  uniform  inflow 
theory  and  the  drag  of  a  flat  plate  normal  to  a  free  stream. 


it  is  possible  to  derive  an  expression  for  the  download 


thrust  to  weight  ratio  as: 


Where:  c/D  is  the  wing  chord/diameter  ratio 
Cf/c  is  the  %  chord  of  the  flap 

Xc  is  the  nondimensional  blade  cut  out 

CDV  is  the  drag  coefficient  of  a  flat  plate 
(Hoerner  gives  Cj^  =  1.17) 
and  K  is  a  constant  dependent  on  the  ratio  of 
the  induced  velocity  in  the  plane  of  the 
wing  compared  with  that  at  infinity. 


Deriving  K  from  the  160  tests  and  calculating  the  T/W 
for  3056  chord  flaps,  the  result  shown  in  Figure  IV-22 
is  obtained.  The  use  of  15%  umbrella  flaps  as  also  included 
in  the  Model  160  tests  provides  a  2.6%  reduction  in  T/W. 

This  reduction  has  been  included  in  the  baseline  configur¬ 
ation.  The  umbrella  flap  provides  a  reduction  in  hover 
download  and  can  also  be  used  as  a  wing  spoiler  in  low 
velocity  transitional  flight  to  minimize  download  in 
transition.  This  effect  will  be  studied  in  detail  during 
Phase  II  as  an  integral  part  of  wing  design. 
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The  net  thrust  * .aneuver  load  factor  used  to  size  the  rotor 
solidity  for  the  design  of  the  baseline  aircraft  is  1.15. 
This  15?£  margin  (in  excess  of  the  download  T/W  of  1.043) 
is  considered  to  be  the  service  flight  envelope  rotor  limit 
loau  factor  and  is  chosen  from  operational  experience  with 
helicopters  in  both  training  and  cotebat  conditions.  In 
addition,  this  thrust  margin  is  well  in  excess  of  the  5%  net 
thrust  margin  required  by  the  flying  qualities  criteria  for 
" level  1"  flying  qualities.  Hiis  1.05  load  factor  is  con¬ 
sidered  to  be  the  service  flight  envelope  limit  load  factor 
for  this  aircraft. 

B.  Hover  Sta, t  Flutter  Margin 

The  activity  factor  or  solidity  of  prop/rotors  is  3ized  to 
provide  an  adequate  stall  flutter  margin.  For  the  USAF 
Tilt  Rotor  aircraft  (Model  215)  the  stall  flutter  margin  was 
defined  as  the  ability  to  achieve  a  maneuver  load  factor 
of  1,15  and  overcome  the  download  at  design  take-off  gross 
weight  of  67,000  lb  at  a i  altitude  of  2500  ft,  93®.  The 
rotor  speed  was  assumed  to  be  the  normal  hc/ec  ^alue . 

Since  the  occurrence  of  stall  flutter  is  fatigue  damaging 
and  does  not  proch  a  limit  rocor  loads  this  stall  flutter 
boundary  is  assumed  to  be  the  limit  of  the  service  flight 
enve lope . 
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Stall  flutter  is  an  aeroelastic  phenomenon  which  involves 
uncoupled  blade  torsion  (twisting)  deflections  and  blade 
pitch  changes  due  to  control  system  flexibility.  The 

t 

dynamic  system  consisting  of  the  blade  and  controls 
torsional  spring,  blade  pitch  inertia;  blade  structural 
damping  and  controls  dapping  is  excited  by  aerodynamic 
stalling.  As  the  blade  stalls  at  high  thrust  coefficient 
the  aerodynamic  center  of  the  blade  moves  aft  and  causes 
the  blade  to  twist  such  as  to  unstall.  This  phenomenon 
would  not  be  of  such  a  magnitude  as  to  cause  a  load 
problem  but  as  stalling  occurs  the  aerodynamic  pitch 
moment  damping  becomes  negative.  With  negative  damping 
the  twisting  due  to  stall  overshoots  and  rebounds  to 
cause  worse  stall.  This  effect  oscillates  and  causes 
cycles  of  fatigue  loads. 

The  technology  to  tre  tfc  stall  flutter  has  been  developed 
for  the  helicopter  using  empirical  factors  from  rotor 
testing  combined  with  analyses  and  oscillating  airfoil 
testing.  This  rotor  technology  is  rauch  xoor*-  mature  than 
the  equivalent  propeller  technology  since  the  problem  has 
been  more  limiting  for  the  he’icopter.  Figure  IV-23 
illustrates  the  criteria  utilized  which  relates  the  rotor 
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thrust  coefficient  to  the  structural  stiffness  required 
of  the  blade  and  control  system.  For  the  designs  discussed 
in  this  report  a  maximum  rotor  thrust  coefficient-solidity 
ratio  of  0.127  was  used  which  required  a  blade  and  control 
system  stiffness  consistent  with  contemporary  design 
practice  as  reflected  in  the  rotor  system  weight  trend 
curves. 

Prop/Rotor  Hover  Performance 

Hover  performance  was  computed  using  the  "Explicit 
Vortex  Influence  Technique"  (EV1T)  described  in  Refer¬ 
ence  VI-7  and  IV-1.  This  method  has  provided  good 
correlation  with  test  data  in  hover  for  iis  type  of 
prop/rotor.  The  Model  160  rotor  tests  at  the  Air 
Force  Aero  Propulsion  Laboratory  in  February,  I960 
reported  in  Reference  IV-2  show  this  correlation. 

Figure  IV-24.  Further  examples  of  methodology  sub¬ 
stantiation  are  given  in  Figures  IV-2  5  to  IV-2 7. 

This  data  ranges  from  the  very  low  disc  loading  CH-47B 
rotor  to  the  high  disc  loading  Hamilton  Standard  pro¬ 
peller  test  data.  In  all  cases  the  deviation  between 
data  and  theory  is  less  than  the  measurement  accuracy 
of  the  experimental  points  indicated  by  scatter. 
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The  rotor  airfoil  sections  used  in  this  preliminary 
design  study  were  helicopter  blade  high  Mach  Number 
sections  designed  at  Becing,  Reference  IV*  3.  These 
low  camber  sections  have  the  advantage  of  co£  .'ining 
good  high  Mach  number  behavior  with  low  pitching  moment, 
an  important  consideration  on  rotor  blades  since  the 
stall  flutter  tendency  is  not  agravated  by  these  sections. 
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6.  CRUISE  PERFORMANCE  METHODOLOGY 


The  methodology  available  at  Boeing-Vertol  for  the  calculation 
of  cruise  propeller  efficiency  consists  of  two  computerized 
analyses.  First,  the  EVIT  program  previously  mentioned  in 
the  hover  methodology  section  which  trails  the  vortex  sheet 
in  a  regular  helix  and  computes  the  induced  velocity  distri¬ 
bution  in  the  plane  of  the*  disc.  Conqpressibility  effects  are 
included  in  the  airfoil  data  decks.  The  second  method  is  the 
well  know  Theodorsen  technique  (also  known  as  the  Curtiss-Wright 
Strip  Analysis)  where  circulation  functions  are  used  to  determine 
induced  velocities.  Both  of  these  methods  use  airfoil  data 
interpolated  from  a  wide  range  of  sectional  data  available. 

For  this  study  the  EVIT  program  was  used  to  predict  cruise 
prop/rotor  performance.  Experimental  correlations  to  substantiate 
the  predicted  levels  of  performance  using  the  EVIT  analysis  are 
shown  in  Figures  IV- 2  8  and  IV-29.  In  previous  studies  the 
Theodorsen  technique  has  been  found  to  be  ir.  close  agreement 
with  EVIT. 

The  Curtiss-Wright  Strip  analysis  has  teen  used  for  many  years 
as  a  cruise  propeller  design  tool  and  played  am  important  role 
in  the  aerodynamic  design  of  Curtiss  propellers  such  as  C130 
and  Constellation  propellers. 
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Test  data  at  high  forward  flight  Mach  No.  (0.65)  obtained  in 
the  ONERA  SI  Wind  Tunnel  shows  a  marked  decrease  in  propulsive 
efficiency  not  predicted  by  either  the  EVIT  program  or  the  Curtiss 
Wright  Strip  Analysis.  Under  these  flight  conditions  the  boundary 
of  th*_  propeller  wake  is  determined  by  the  predominant  forward 
fli~ht  velocity  and  hence,  the  calculation  of  induced  velocity 
is  not  likely  to  be  a  source  of  large  error.  The  local  profile 
drag  coefficient  tables  used  in  the  calculations  are  based  on 
wind  tunnel  test  data  and  as  such  reflect  the  experimental 
airfoil  behavior  at  high  Mach  No.  In  view  of  the  difficulty 
in  understanding  the  apparent  discrepancy  an  investigation  is 
currently  in  hand  to  reevaluate  the  test  data  presented  since 
it  is  known that  the  spinner  tares  become  dominant  as  tunnel 
Mach  No.  increases.  The  test  results  of  this  study  will  soon 
be  available  at  which  time  it  is  hoped  that  this  problem  will 
be  resolved.  Since  this  has  not  yet  resolved,  the  effect 
of  cruise  efficiency  on  design  gross  weight  is  shown  in  Figure 
III-19 . 


IV- 52 


7 .  ENGINE  PERFORMANCE  METHODOLOGY 


The  engine  cycle  data  used  m  sizing  aircraft  and  in  the  computation 
of  performance  is  given  in  Figures  IV- 30  to  rv-33 .  The  data  is 
provided  in  a  "referred"  format  based  on  the  maximum  static 
sea  level  horsepower  (SEP*.)  . 


The  cycle  data  is  based  on  projected  1972  engine  technology.  The 
assumptions  made  in  generating  this  data  were  as  follows. 

1.  Inlet  ram  recovery  6096 

2.  Pressure  losses  1.5% 

3.  Accessory  Power  1.096  SHP* 

The  inlet  momentum  drag  and  engine  nozzle  thrust  are  included 
ii_.  the  available  power  of  the  engine.  A  constant  propulsive 
efficiency  of  8096  is  assummed  in  converting  the  thrust/drag 
to  an  incremental  horsepower.  The  magnitude  of  this  increment 
is  of  the  order  of  +3%  of  the  engine  shaft  horsepower  available. 


The  engine  limits  used  were  as  follows. 

NT 

— = —  =  0.982  primary  turbine  rpm  limit 

Nfl  SX* 

- -  =  1.23  power  turbine  rpm-limit 

HII 


IV- 5  3 


MW  »»  «M  S 

■Bars  ter.  ras ;:  ;s  s5*  KM 

BiHSi:::iL~;=H;L:“rJ55iS* 

j—  i  111  i - -  , . TIT?— 

pSaEHrsaaseusfaessasc  v 


•«  *4 

seat  as 


— i— iOiOMmU 


|3KSpls!§iH^siiiis!Bi:di| 

■Et  aH:  a»:  as:  res  :ss  ran  ms  ms  s:s  s:s| 

hMMK'tV*  MM||»M1  .►*•!  IMMM1MM1M  M*m| 

&■■■■■■■■■■■■■■■■■■«■«:  SniiSa  Isas;:}  I 

laSSH“:;P^H| 

■k  asses  as: :  a ::  I 

r^sstsssa^^ 


IHpgs 


gSfcga-E 


Sis 


lisa 


|!9jtU5H!S::spS 


SSssatr??? 

HHH 


WaSSS  mu  »>»•«  •  m  t«  j 

«  »t»M  IMltl 

M|*»l  1 


amt: 


JMv******'l 

ssgiscs^SSisnssnggugin^  I 

taaaarssarss  masse  as:  ■■■■ 


b  are  ssa:Ts77!i!!T*?!7!CJ71 

BW— BBH— WKS5sssuRg»as5gss5iasasBS— 


mw4i 

Bi«ii 


ss  awe: 


pSiaS 


«  m; 


nw^ganiH 


Mass 


iillfilli 


3«snii;;ssjfesan;a:di 

Mini  H>1  »Ww  IM.MW.Mt^ 


4iilM  MlMoml 

sscrusssjfl 


lUJUSKJS 


Biimi  MlliMM.W 

ssrsssni 


sea::: 


sssgnsss 


riser 


Kjsu;; 


ssia-aul-l 

set  rcnc  rest; 


HB&snsgsHr  m 


UnlBBa 


rmsss s  a 


2ss:ss:| 


sjg~i="~=en^^g==r:giiiiiiy 

isEiss:xg^:^  ^BffgSia 


ilMWlIM  »  —  »>»»»»«  MMl  I  ■  I  n  MM*»I 

1  ■»*»«  l^MUMl »  m.lllMl  MWI  I  I  fl 


IrsSSEESHHiHSiH*! 


MMtMlMtl 


|  :sggg?ng:ug:^gg:n^^;gg:g 

Ifim  imhhwuhm  ■  y«»  »  im»«  iliintm  mm»h 

Ihn;;g:;{nfi^»!i;ngixnnn:y3a 

lnMimiinwlMMi . . 

IssssrSr  a:  res  asses  sssiSiasss 

|HMiL4«WMi  l«^»««|l»l«l»M»l  ilTlttiMlt 


3gg2g*gKn 

IggssssS 


..jssas 
.  sears  s 


liwi  ' 


-«  »  M1MM  H 

M  »-«-«-»  ♦  MlM 

5  |sssss«m^»»««»  j  »< 

SeSSSSri 


n— — m  . . . . . 

»<■■■■■«  TSS5 


«  Mg«  ^MI 

stnssgggBg 


3^11? 


sags 


ms 


w:  -  -a: 


assesses 


i  MWMtM IJJXmim i««m K«»i»w»j Uiir 

raw  eases  sssss:  res  rasais:: 

•  -ytMlMM  mil  !•»♦»  Mill  II*  ■  ■  fc  ■  mm  UMIH 


I-M1WH  IM» 
HlM*lM«l 


:rsas 


•••••a1 

>«»»«*%< 


::Hl:e::FS;r 


HilciE 


lasua: 

lisp 

*•»•*••*  i  .  ,< iim iMit  Mtii  MM«ii 

■»»*••«•  ■  HMMl a*r‘****'  IMMil 

-H52.J  f^|^^:^g.:aaag;»g-rg5^gd=i coiner 
rsryr.rff!;rMK^^!pjg8:3Sra;!~3M!j~!^ 


iiSSrcj:; 


1  =^3*spjja==  |eegg=g^ne  SS  53  3EHHE5  "—“Hi  I 

"Iff  Tf  IT1  1C- 


::  seams  5S5* 

issaaissssss— 


S!15;sgis^^;:r^rr;r.r 


TiS5H|sjiigS»j^5^yJ 


llWlllHMMlMiltil  HHWHM  »»  »MMl»i  S— »  ►— M  •***»  I 

l»l^l  miHMMMMl  IMMM*^  p»  W  »»**•-«  HWII  Jg  MM| ' 


aygs:nn::n: 


s  ee:?=s  gracryrr  "-i:™-:  aanay  se 

raicas;avae:a5‘^yrar:^aau:aaa::aiii— i  jrs 

1  MMilllll  »  .«*■!»  MWXM  M«  . .  I***  ■  »««»«•< 


Itjjff  jfir  -sc:|?s;ss;s:s  fnsa:n^an?ssa: 


sac:: 


:sn:s 


isHssH:l 


m»»i  »ilSis»ii : 

sasi  asanas 


SSg»8SSSRS 


:Sa2S 


MM  IM'MM  M  1MMM»«,  M*M 

nwMy  ssiSSi?ffln*SS!gssj^B«5MB 

Isser.arers.sTTa^agsSgssssssssssssasSssisiSS::!:!::^^— 

*r^r~rengj=gsjj~ttsri5a»^»^  reams  aa*  mad 


lasers,  sere 


ss  asses  ms 


llllnl 


_ 

Hljll  . . .  ■«'••  -**r*T 

»~~^~~::nHe.~v:snmisss;55:ma;ssTTnr:Tmgs;sa;rsa: 


»»■««»— i«wn  iii  wmiptm 
*  *  * !  * 

sa  ms  HMiM 


IWWIll’l  « 


serraS:sriS|«« 

SSilSSiSSgS  ?S?Sg!5i.»MMi5SiiMiS3SS;Sr;,'.%?,.S;S!SMS;SSU!^M!g.i^^aML,*MM.SSSgTS5!ia>SSi.MnMS:sas: 


5SWiy;^ST8rMr",*,*nmSiT;i,tmSgsn:^|KS?rss:::: 


ns:: 


[  (m*i  »mm  3cs  !ss  itf  >M^{  mm!  acres:  assy-  "••? 

I  »*«-»«  liwiMMIlMMliM.  -•  '.  —  -1 

sa*se: 

t^^jssSSsSS:  iH5;SHiEisgjiE55;3s;| 


-  -  - ->—  —»»■■■»«* 

»Mi«lf»mtmi  nmnli  >■»  ■«  • 

|sa::ai.sj;ses:eax:r.  senna: 

|H1II»M1  »  WIMHfHimnim  '111111111 1 


»■*••■«  . . Mlij . HIM 

'■'J^l'  *37j  i«?TT  i  **  **  *?3ir1 


sanasss 


'  %.*«»• 
(•jjj***  •  •  iwwy 


«««44ini  itiiimn  iiiiiiiiMi 
imii»i>  miimwiii  Mi*«m*i 


ijaaa 


SKS 


aa: 


3  «f; 


<i|l|^iiiiiiiiiii' 


r  1  *»*«:  sa»aa:>— »»i  nsiss:  a:a««— »«:a«axa{i*i»aa:s 

I  *  ftri-^T*W**iT~*  'I!m  SB  fjTl!  Tiffmtni'fMi  ri  j  1  * '  H 1  *‘‘I!miTi  j- r*  **  S 

^  icr:  iaaaaaamaa:  s»:»a:«!  MijBpS?iIi{snnfBi»BT^3isSi3»:sisy 


iil**:?**|g|:***?**J*^?:  w»g 


sms 


s:s 


rMfl»t«iM«lM4*tMM*n*M  I1M11H1  IMMllMM  »»!■  MM1 » - - - - 

111  Hllllllll  11  ••  9  IMflMlM  1»»»  «  UlllilWllJlS  MllllMIlHMimilWllMI 
^  »ijiiii>wiiM>^im»iwy  Mii«iMi«iiMirt*^»mMM— <iiy»n»»MMii««»«»yi*< 

%»s»i>i>«»»sswS«fWMS— »s*i»::«:»****»***»: 


saa:aa:| 

saatna:! 


sajitaa***' 


HM«*»M»1.1  •  ••< 

>llHlMl».l  MM 


miililiiiijiiri 

iiimmuiiim 

ajaaaaar 


ssaacas 


stars  aais 


saiasai^s 


sarcs 


mm  •’2’^j.ij  i*  y **ar?7fT  '_?'. ^.** •_ sa«« T^al^^M^Ha^sHnsssss 


scaraaraara:* 

- - - 


sgaas 

Sraaramaars 


»•  mm  aaraaaaaa: 


KWE! 

i£R 


SHST  XV- 5  6 


JH5S  H 


* 


The  turbine  temperatures  corresponding  to  the  various  power 
settings  are. 


NRP 

T 

=  2520°R 

MIL 

T 

=  2565°R 

MAX 

T 

=  2685°R 
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SECTION  V 

AIRCRAFT  WEIGHT  AND  BALANCE 

1.  SUMMARY 

The  weight  of  Model  215  was  derived  in  this  preliminary  design 
study  by  using  the  "V/STOL  Aircraft  Sizing  and  Performance 
Computer  Program"  (VASCOMP) *  a  program  developed  for  NASA 
Ames  Research  Center.  This  program  utilizes  the  weight  esti¬ 
mating  methods  developed  by  the  Boeing  Coup  any,  Vertol  Division. 

The  weight  trends  are  adjusted  for  1972  Technology.  Verification 
of  these  weights  are  provided  in  this  section. 

During  Phase  II  of  this  contract,  an  in-depth  system  design 
of  the  prop/rotor  aircraft  will  be  prepared.  Particular 
emphasis  will  be  placed  on  detail  analyses  of  the  wing, 
engine  pod,  prop/rotor  and  associated  controls;  the  weights 
will  be  reexamined  then. 

A  summary  of  the  design  conditions  studied  in  Phase  I  is 
presented  in  Table  V-l.  Table  V-2  is  a  group  breakdown  of  the 
Basic  Design  Gross  Weight.  Table  V-3  shows  the  derivation 
of  the  Fescue  Version  of  Model  215  from  the  Basic  Model  215  Vehicle. 

Center  of  gravity,  payload  limitations,  balance  calculations, 

moments  of  inertia  and  Group  Weight  Statement,  AN-9103-D, 

toe the r  with  a  supplement  to  the  "Dimensional  and  Structural 

Data"  are  also  presented  in  this  section. 

V-l 

'  —  ^  '  '' 
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TABLE  V-l 


SUMMARY  OF  MODEL  215  DESIGN  WEIGHTS 


Weight-Pounds 

Weight  Empty  45,861 
Minimum  Flying  Weight  47,798 
Design  Gross  weight  67,000 
Maximum  Design  Gross  Weight  -  gTOL  74,000 
Landing  Gross  Weight  68,888 
Maximum  Overload  Gross  Weight 

Rescue  Gross  Weight  (642  N.  Mi.  Range)  67,000 
Rescue  Gross  Weight  (1000  N.  Mi.  Range  )  74,000 
Ferry  Gross  Weight  (2600  N.  Mi.  Range)  81,250 


V-2 


TABLE  V-2 


MODEL  215  WEIGHT  BREAKDCyfN 
BY  MAJOR  GROOPS  FOR  BASIC  DESIGN 
GROSS  WEICTT 


Weight  -  Pounds 


Wing 

4,945 

Tail 

1,219 

Horizontal  Tail 

66? 

Vertical  Tail 

552 

Body 

6,477 

Structure 

5,463 

Cargo  Loading  System 

980 

Landing  Gear 

2,546 

Flight  Controls 

5,399 

Cockpit 

145 

Rotor  Upper 

2,367 

Rotor  Hydraulic 

836 

Conventional  Aircraft 

871 

Tilt  Mechanism 

1,005 

Stability  Augments tion  System 

175 

Engine  Section 

1,505 

Propulsion 

17,856 

Engines 

2,543 

Air  Induction 

308 

Exhaust 

390 

Lubricating 

30 

V-3 


Weight 


Pounds 


Propulsion  (Continued) 


Fuel  System 

1,636 

Controls 

90 

Starting 

195 

Prop/Rotor 

5,455 

Drive  System 

7,200 

Auxiliary  Power  Plant 

200 

Instruments  and  Navigation 

300 

Hydraulics  and  Pneumatics 

335 

Electrical 

1,248 

Electronics 

1,093 

Armament 

50 

Furnirhmgs  a.id  Equipment 

1,812 

Acconnnodations  for  Personnel 

699 

Miscellaneous  Equipment 

.  125 

Furnishings 

865 

Emergency  Equipment 

123 

Air  '"onditioninq  &  Anti-Icing 

394 

Air  Conditioning 

255 

Anti-Icing 

139 

Auxiliary  Gear 

24 

Contigency 

458 

45,861 


Weight  Empty 
Crew  (3) 


V-4 


645 
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TABLE  V  -  3 


GROSS  WEIGHT  DERIVATION 
FOR  RESCUE  VERSION  OF 
MODEL  215 

Weight  -  Pounds 
Design  Gross  Weight  of  Transport  67,000 

Remove: 

Fuel  -10,224 

Payload  -10,000 

Crew  (3)  -  645 

Operating  Gross  Weight  of  Transport  46,131 

Remove : 

Transport  Electronics  -1 , 093 

Cargo  Load  System  -  9C0 

Troop  Seats  and  Prov.  -  434 


Base  Weight  fcr  Deriving  Rescue  Version 
Add: 


Crew  of  (5) 

Electronics 

Communications 

224 

Elec.  Counts rmeas 

55 

Grd.  Fire  Detect 

14 

Night  Operation  Equip. 

338 

Radio  Navigation  Aids 

184 

Identif .  &  Beacon 

142 

Self-Contained  Nav' 

g- 

214 

.Terrain  Avoidance 

256 

Loud  Bailer  i  P.A. 

Sys. 

107 

Shelves  and  Supts. 

38 

43,624 

1,075 

1,572 
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Table  V-3  (Continued) 


Armament 


Weight  -  Pounds 


Active  Defense  Prov. 
Passive  Defense 

Anmunition  5.56MH,  6000  AD 
Guns  5.56MM  (2) 

Mission  Equipment 
Load  Handling  Gear 


1,139 


Rescue  Gross  WT.  Less  Fuel  and  Aux.  Tanks 


48,285  lbs. 


Design  Gross 
Weight  -  VTOL 


Overload  Gross 
Weight  -  STOL 


Pounds 

Pounds 

Gross  Weight  Less  Fuel 
and  Auxiliary  Fuel  Tank: 

48,285 

48,235 

Bssic  Fuel 

10,224 

10,224 

Auxiliary  Fuel 

8,016 

14,616 

Aux.  Fuel  Tanks 

475 

875 

Rescue  Gross  Weight 

67,000 

74,000 

fc*5\K*  1A  ■ 


2.  CENTER  OF  GRAVITY  AND  BALANCE  CALCULATIONS 


The  centers  of  gravity  for  the  various  design  and  alternate 
gross  weights  are  summarized  in  Table  V-4 .  Detail  balance 
calculations  are  included  in  Tables  V-5,  6  and  7. 

Studies  show  that  the  range  between  forward  and  aft  center  of 
gravity  limits  on  a  typical  transport  aircraft  is  five  percent 
of  the  cargo  compartment  length.  This  is  equivalent  to  approxi¬ 
mately  15%  of  MAC  for  the  Model  215  aircraft.  To  provide  a 
greater  loading  flexibility  the  range  of  allowable  center  of 
gravity  limits  has  been  increased  to  6.7%  of  cargo  compartment 
length. 

The  wing  has  been  located  so  that  the  Design  Gross  Weight  center 
of  gravity  in  forward  flight  is  at  25%  MAC.  The  forward  flight 
center  of  gravity  range  has  been  chosen  to  be  from  13%  to  33%  MAC. 

The  engine  pod  pivot  point  is  located  at  38%  * 'C,  so  that  the 
center  line  of  vertical  thrust  passes  through  the  center  of 
gravity  in  the  vertical  flight  condition.  The  center  of  gravity 
range  for  hover  are  30.5%  to  45.5%  MAC  and  are  limited  by  prop/ 
rotor  blade  stresses. 
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Reference  data  for  thv.  center  of  gravity  calcula¬ 
tions  are? 

1.  Horizontal  arms  are  given  as  fuselage 
stations . 

2.  Vertical  arms  are  given  as  water  lines. 

3.  Fuselage  station  0  is  200  inches  forward 
ef  the  forward  cargo  compartment  bulkheeid. 

4.  Water  line  0  is  100  inches  below  the 
cargo  floor. 

5.  Leading  edge  of  MAC  is  fuselage 
station  352. 

6.  Length  of  MAC  is  153". 

7.  Engine  pod  pivot  point  is:  Fuselage 
station  410,  water  line  228. 


} 
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i 

t 

1 

j 

t 

i, 

i 


5 
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Puaalaga  St a*  0  ia  332"  forward  of  leading  adga  of  MAC 
Watar  Lina  0  ia  100"  balow  cargo  compartmant  floor 
length  of  MAC  -  153" 

Cantar  of  Gravity  Limits i  Horizontal  Plight  13. OH  to  33%  MAC 

Vartical  Plight  30.5%  to  45.5%  MAC 
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TABLE  V  -5 

Model  215  8ALABCE  CALCULATIONS  Tor 
Weight  Sapfcy  mxsd  Design  G xotn*  Weight 


!  TEK 

. 

-  -----  ,  STlTiflWS  I 

i  HOft  IZOKTAL 

HfftTtCAL  f 

JUHS 

M0UEKT 

MM 

SIOtKMT 

Rotor  Group 

Stators 

} 

>313 

299^ 

1,582 ,38{| 

228 

i  /  2X0  fJHl] 

Rotor  Tpinner 

J 

"253 

5947 

55.S0C 

“228 

45,600 

Rotor  Group 

297.5 

1. 639 ,180 

228 

1.256,280 

1 

Ninq  Group 

410 

2.047.13C 

228 

1.138.404 

Tall  Group 

Horizontal 

714 

886 

632,604 

360 

257,040 

Vertical 

552 

817 

450.984! 

286 

157,872 

Tail  Croup 

855.9 

1,033,56!,’ 

327.7  414,912} 

Body  Group 

5518 

435 

2,400,3" d 

170 

938 ,060 

Alighting  Gear 

Nose 

514 

143 

73 ,56i 

60 

46 ,26o 

Main 

Lc5T 

555 

1,141 ,63i 

90 

185,130 

Alighting  Gear 

2571 

472.6 

3 ,215,137 

90 

231,390 

Plight  Controls 

(Cockpit 

147 

'*  run 

287581 

55 

f”~"  8,655 

Plight 

386" 

445" 

r  167,26c 

16G 

60,860 

5X3 

^TTT^ 

19 tr 

32,63c 

65 

H7595 

t  “T^per 

I7385T 

305 

728754! 

“ 225~ 

544,692 

Hydraulics  ^ 

845 

— unn 

2ti, 10; 

22o 

192,660 

Tilt  5*ech.  “* 

7915“ 

'  410 

416,15c 

238 

241,5/0 

Contis  In  King 

500 

419 

209, 50Q 

225 

Flight  Controls 

335.8 

1,836,816 

“21471 

1  l,l7i,lb- 

Engine  Section 

353 

536,560 

“25T“ 

338,96 

_ 

Engines 

418 

1.073.424 

206 

529,008 

Engine  Installation 

1028 

423 

434,844“ 

206 

211,766 

Fuel  Syshm 

1652 

r"  4of 

674,016 

228 

376,656 

Drive  Systea 

*‘J  ^rrifcBkrssions 

7000 

339 

2,373,000 

217 

1,519,001 

Drive  Sys tea-wing 

““281 

4i<r 

115,626  1 

228 

64,29 

Drive  Systen 

1725T 

341.8 

2,488,626 

217.4 

1,583,291 

Anx.  Power  Plaint  H 

“TUT 

514 

164.342 

208 

42,22i 

Instrumentation 

30  6 

130 

39,780 

163 

49.87! 

1 _ 

_ I _ 
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TABLE  V-5(Continuiid) 
Model  215  8ALANCE  CALCULATIONS  For 
Weight  Empty  and  Design  Gross  Weight 


STATIONS 


VERTICAL 


MOMENT 


•electrical 


245 

208,250 

157 

418 

75,240 

203 

398 

92,336 

225 

375.826 

133,450 


36.540 


52,200 


222,190 


ectronic-s 


mmgm 


204.795 


7.419 


665.030 


171,585 


7.300 


35,033 


Air  Cond-Bod 


De-Ice- Win 


Axr  Coud.  6  De-Ice 


15.074  i  133 


3,458 


101  !  99,081 


200  19,168,820 


160  1 

103,200 

160 

103,200 

4 

09 

36.S19 

228 

20,520 

4 

10 

73.800 

208 

37.440 

□ 

213,810 

161,160 

BsggraaaiBBM 


crizonta 


408  I  4,171,392  I  228 


416  I  4.160.000  I  130  11,300,000 


390.531  26,165,712 


ataiaai 


12,961,052 


1,655,399 


Gross  Weight  -  Vertira 


E> 


I 


i 


1 ! 


PREPARED  RYt 
CHECKEO  »Y» 
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PACE  NO. 
REPORT  NO. 
MOOCL  NO. 


TABLE  V^6 

Model  215  BALANCE  CALCULATIONS  For 
Alternate  Gross  Weight  Conditions 


ITEM 

WEIGHT 

STATIONS 

HOft 1 ZONTAL 

vertical  j 

ARM 

MOMENT 

ARM 

MOMENT 

Weight  Empty-Horiz.  Flight 

45,861 

384.2 

17,620,576 

200.0 

9.165,944 

Crew 

645 

160.0 

103,200 

160 

103.200 

Trap  Liq. 

90 

409 

36,810 

223 

20,520 

Oil 

180 

410 

73,800 

208 

37,440 

10%  Fuel 

1,022 

408 

417,139 

228 

233,107 

Min.  Flying  WT-Horiz.  Flight 

47,798 

381.8 

18,251,525 

200.0 

9,560,201 

&  Moment 

1,334,959 

1,655,399 

Min.  Flying  WT-Vert.  Flignt 

00 

o> 

««r 

409.8 

19,586,484 

234.6 

11,215,600 

Design  G.W.  -Horiz.  Flight 

6?,cco 

390.5 

26,165,778 

193.4 

12,958,176 

+70P0#  Payload 

7tt& 

416 

l  2,912,000 

13o 

910,000 

&ax.  D.G.w.  -  Horiz.  Flight 

74,500 

352  TT' 

“29,0777778 

187.4 

13,8557173 

Max.  D.G.W.  -  Horiz.  Flight 

174,500  -1 

“29,077,778 

13,868,176 

Less  50*  Fuel 

-5,112 

TOTS 

-2,585,696 

225 

—1 , 665 , 536 

Landing  cross  WT-Horiz. 

Flight 

68,888 

"391.8 

“26,992,082 

177.1 

12,202,545 

A  Moment 

1^334 , 959 

1,655,399 

Landing  Gross  WT-Vert.  Flighi 

.  68,888 

411.2 

28,327,041 

20l.2 

13,858,039 

D.G.W.  Transport 

67,000 

26,165,621 

12,961,052 

Less: 

f  Fuel  " 

-10224 

-4,171,392 

-2.331.072 

Payload 

-10000 

-4,160,000 

-1.300.000 

Crew  (3) 

-645 

-  103,200 

-103, 20( 

Electronics 

-1093 

-  196,740 

-174. 88C 

Carqo  Load  Svs. 

-  980 

-  426,300 

-  98 ,00( 

Troop  SeatsfcProv. 

-434 

- 

-  156,240 

-56,420 

Add: 

Electronics 

1572 

282,960 

251,520 

Crew  (5} 

1575 

225,750 

161,250 

Armament 

1135 

367,897 

193,630 

Load  Hand  Gear  ^ 

T55 

437573" 

10,500 

Mission  Equipment 

'  480 

2017600' 

75,360 

Fuel-Basic 

J.0224  ~ 

“  4  ,”171, 352 

2zb  1  2,331,5721 

Fuel-Add  m  Wing 

7T76 

'405 

27927;  808" 

228 

1,636,128- 

Tank"  in  wing 

430  ■* 

408 

375744751 

228 

98,540 

"  Puel-Aux. 

849  1 

408 

342,720 

114 

95,760 

Tank  -  Aux. 

45 

458 

18,365 

114 

5,130 

*“  Huns  &  Ammo 

~  290 

400 

116,000 

120 

34,800 

V-13 


i 


i 


i 


PRCRAfttO  IYi 
check to  «r» 
DAT  C  i 


PACK  RO. 
•CTHT  NO. 

a*o»€L  n. 
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Fwd' 


£  givot- 


TABLE  V  -  7 


- £-±£Pivot 


_  Engine 
“  -puds — 


BALANCE  CALCULATIONS 
For  About  Pivot  Point 


Pivot  8  Fuselage  Sta.  410. 
Waterline  228 


ITEM 

WEIfiKT 

HORIZONTAL 

VERTICAL  | 

AM 

MOMENT 

ARM 

MOMENT 

Thrust  Line  Horizontal 

UTTIWf) 

I-(53.4) 

(-1,495,179) 

-7.3 

(160,220) 

Rotors 

*"  57513 

-112 

1-594,720 

0 

0 

Transmissions 

7,000 

-71 

-497.000 

-11 

-77.000 

Engines 

2,568 

-1-8 

+  20,544 

-22 

-56.496 

Engine  Installation 

1,027 

+13 

+13,351 

-22 

-22.594 

Rotor  Spinner 

200 

-126 

-25,200 

0 

0 

Nacelles 

1,520 

-57 

-86.640 

-5 

-7.600 

Upper  Controls 

2,389 

-101 

-241.289 

0 

0 

Hydraulics 

845 

-101 

-  85,345 

0 

0 

Txlt  Mechanise 

1.015 

0 

0 

+10 

+10.150 

Engine  Oil 

ISO 

0 

0 

-20 

-3.600 

Hydraulics 

60 

+8 

+  480 

-22 

-1.320 

Electrical 

80 

+8 

+640 

—22 

-1.760 

Tfcrust  Line  Vertical 

(22,198) 

1-7.3) 

(-160,220) 

(+67.. 

) (+1.495,r 

*■ 

Moneni  Change 

+1,334,959 

+1,655,399 

. 
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3.  CARGO  CENTER  OF  GRAVITY  LIMITATIONS 

In  order  to  Maintain  a  center  of  gravity  within  the  center  of 
gravity  limits,  payload  loading  restrictions  must  be  established. 
The  centroid  of  the  payload  for  a  most  forward  and  most  aft 
airplane  center  of  gravity  at  various  payload  weights  have  been 
calculated  and  plotted  on  Figure  V-l.  Both  horizontal  and 
vertical  flight  have  been  considered  and  the  composite  limitations 
are  shown. 

4.  SENSITIVITY  OF  DESIGN  GROSS  WEIGHT  AND  DESIGN  RANGE  TO  FIXED 
EQUIPMENT  WEIGHTS 

Sensitivity  studies  conducted  for  this  aircraft  apply  mainly  to 
performance  and  sizing  and  are  discussed  in  Section  III  of  this 
document.  Exceptions  to  this  are  Figures  V-2A  and  B. 

Figure  V-2A  demonstrates  the  effect  of  weight  variation  on  the 
basic  mission  range,  maintaining  the  design  gross  weight  of 
67,0GC  pounds. 

Figure  V-2B  demonstrates  the  effect  of  variation  of  weight  on 
the  gross  weight,  maintaining  the  basic  mission  and  performance 
capability. 


V~16 


5.  MOMENTS  OF  INERTIA 

The  Moments  of  Inertia  ef  the  aircraft  at  the  various  design 
gross  weight  conditions  are  sunsaarizcd  in  Table  V-8.  The  major 
component  moments  of  inertia  are  broken  down  into  wing  and  con¬ 
tents,  body  and  contents,  engine  pods,  fuel  and  payload  in 
Table  V-9  to  provide  a  flexibility  for  relocation  of  the  components 
if  necessary. 


TABLE  V  -  8 

SUMMARY  OF  MOMENTS  OF  INERTIA  FOR  MODEL  215 


AN-f  WJ»D 
SUPERSEDING 


NAME 

DATE 


PAGE  _ 
MODEL _ 
REPORT 


TABLE  V  -  10 

GROUP  WEIGHT  STATEMENT 

ESTIMATED 
(Crau  Mrt  Ah*  m*  tppllnH*? 

MODEL  215  PROP/ROTOR  TRANSPORT 


CONTRACT  HC.  1 

- — - - - -  i 

AIRPLANE,  GOVERNMENT  NO- _ | 

AIRPLANE,  CONTRACTOR  NO. _ | 

MANUFACTURED  »Y  1 


MAIN 

AUXILIARY 

m 

z 

3 

z 

m 

MANUFACTURED  »T 

MODEL 

NO. 

m 

m 

.j 

-t 

m 

1 

MANUFACTURED  »T 

0E8GN  NO. 

NO. 

V-23 


AS-910I-D 

NAME _ _ 

tUTt 


GROUP  VBGHT  STATEMENT 

WEIGHT  EMPTY 


PACE  _ 
MODEL  _ 
REPORT 


WING  GROUP 

CENTER  SECTION  .  BAgC  STRUCTURE _ 

1  INTERMEDIATE  PANEL  .  BASIC  STRUCTURE _ 

_ OUTER  PAR  EL  •  BA«C  STRUCTURE  OMO..  TIPt _ I 

’  SECONDARY  STRUCTURE  {IHCL.  WIH6F0LP  MECHANISM 

AILERONS  (jMCL.  BALANCE  WEIGHT _ LMj 

FLAPS-  TRAIL  IWGEDGE _ 

-  LEAPING  EDGE _ _ 

' _  slats  _ ' _ 

'spoilers _ 

~  SPEED  MAKES 


TAIL  CROUP _ 

_ STABILIZER  -  BASIC  STRUCTURE _ 

PWS-  BASIC  STRUCTURE  (IK CL.  DORSAL _ LBS.) 

___  SECONDARY  STRUCTURE  (STAB.  A  PIUS) _ 

_ ELEVATOR  (IKCL-  BALANCE  WEIGHT _ LBS.? 

_  RUDDERS  (IHCL.  BALANCE  WEIGHT _ LBS.) 

- Horizontal _ _ 

Vertical _ 

BODY  GROUP _ _ 

_ FUSELAGE  structure _ 1_ 

BOOMS  -  BASIC  STRUCTURE _ ~ _ 

SECONDARY  STRUCTURE  -  FUSELAGE  OR  HULL _ 

_ ; _ -BOOMS _ , _ 

_ ~ _ -  SPEZPBRAKES _ 

' _ -  POORS.  PANELS  L  RBlC _ 

_ '  Cargo  Loading  Svetas 

ALIOfTWFS  GEAR  CROUP  -  LAND  (TYPE; _ _ 

VNttli  MAXES 

Lflcvr,°" 


5,497 


41 

42 

LOCATK*  1  FLOATS 

_ EBKT 

,  ,«PTE«J _ 

- 

43 

U 

- 

44  Flight  CONTROLS  GROUP _ 

a  COCKPIT  CONTROLS _ 

g  AUTOMATIC  PILOT  (SAS) 

4*  Rotor _ 

50  Conventional  s  871.  Til 

51  ENGINE  SECTION  OR  NACELLE  GROUP 

52  -  INBOARD  _ 

53  CENTER _ 

54  OUTBOARD _ 

55  DOORS.  PANELS  A  Ml  SC. _ 

ja _ 

57  TOTAL  (TO  BE  BROUGHT  FORWARD) 


AN-910J-D 

NAME. _ 

DATE _ " 

t  PROPULSION  «OUP' 


GROUP  WSSHT  STATEMENT 
WEIGHT  EMPTY 


PAGE _ 

KG DEL _ 

REPORT 


ENGINE  INSTALLATION _ 

_  AFTERBURNERS  (IP  EURN.  SEPARATELY) _ 

ACCESSORY  GEAR  BOXES  t  DjlVg 

1_‘  SUPERCHARGERS  (FOR  TURBO  TYPES) _ 

AIK  INDUCTION  SYSTEM _ 

EXHAUST  SYSTEM _ 

COOLING  SYSTEM _ 

LUBRICATING  SYSTEM _ _ 

_ TANKS 

_ COOL  INC  INSTALLATION _ 

OUCTS,  PLUMBING,  ETC 

FUEL  SYSTEM _ _ 

_ TANKS  -  PROTECTED 

_ -  UNPROTECTED _ 

_ PLUMBING,  ETC 

_  WATER  INJECTION  SYSTEM _ 

_ ENGINE  CONTROLS _ 

JTARTI’  S  SYSTEM _ 

PROPELLER  INSTALLATION _ 

_ _ Drive.  Sy&tsa _ 

AUXILIARY  PO*7ER~PLAMT  GROUP  ~ 

INSTRUMENTS  A  NAVIGATIONAL  EQUIPMENT  GROUP 
HYDUAULK  A  PNEUMATIC  GROUP 


ELECTRICAL  GROUP 


ELECTRONICS  GROUP  _ _ 

EQUIPMENT  ~~~  _ 

INSTALLATION _ 

ARMAMENT  GROUP  (MCC  GUHFItFPROTECTION 

FURNISHINGS  A  EQUIPMENT  CROUP _ 

accommodations  for  personnel 

MISCELLANEOUS  EQUIPMENT _ 

FURNISHINGS  ‘  ' _ 

EMERGENCY  EQUIPMENT 


AWCONOmOMtNCBANTMCIMC 

■ _ AIR  OONOmONBIC _ 

axtmonc 


MkbUuaWSJ 


11  .ID 

AN-910J-D 

NAME 

GROUP  V&GHT  STATEMENT 

PAGE 

MODEL  '  ' 

DATE 

DIM&lNllt-NAL  A  rTRUCTUKAu  DATA 

REPORT  t- 

i  Pleats  I  Ass.  Pleats 


LENGTH  -  OVERALL  (FT.) 


LENGTH  MAIL  (FT.) 


DEPTH  -  MAX.  (FT.) 


VIDTN  -MAX.  (FT.) 


WETTED  AREA  (SO.  FT.) 


FLOAT  OR  HULL  OiSPL.  .  MAX  (LBS.. 


•ntSELAGE  VOLUME  (CU.  FT.) 


GROSS  AREA  (SAL  FT.) 


WEIGHT/GROSS  AREA  (LIS/SQ.  FT.) 


SPAN  (FT.) 


FOLDED  SPAN  (FT.) 


SWEEPCACK  .  AT  25%  CHORD  LIME  (DECREES) 

■  AT  X  CHORD  LIME  (DECREES) 


THEORETICAL  ROOT  CHORD  -  LENGTH  (INCHES) 

_ -  MAX.  THtOCWESS  OHOttS) 

CHORD  AT  PLAHFOOM  WEAK  -  LENGTH  (RICHES) 

•  MAX.  THICKNESS  (INCHES) 


THEORETICAL  TIP  CHORD  -  LENGTH  (INCHES) 

_ -  MAX-  THKXMESS  (INCHES) _ 

DORSAL  AREA,  INCLUDED  IN  (FUSE.)  (HULL)  (V.  TAIL)  AREA  (SO.  FT.) 


TAIL  LENGTH  -  25%  MAC  WING  TO  25*  MAC  M.  TAIL  (FTJ  38.8 


AREAS  (SO.  FT}  F!«*.  I  l-t-  _ 


Latatsl  Csanlt  I  HttJ  I  If  lists 


Pic.  at 


HEIGHT -OVERALL  -  STATIC  (FT.) 


115  *  8 


A  L'X  , 

ESZZHEIZII3 


ALIGHTING  GEAR _ 

LENGTH  -  OCEO  EXTENDED  _ _ 


OLEO  TRAVEL  .  FULL _ 

FLOAT  OR  SKI  STRUT  LENGTH  (INCHES)  _ _ 


ARRESTING  HOOK  LENGTH -4  HOOK  TRUHHKM  TO  5)  HOOK  POINT  (MCHES) 
HYDRAULIC  SYSTEM  CAPACITY  (GALS.) 


FUEL  &  LUBE  SYSTEMS 


Pit .  Imnsl 


UlHw 

Me  Take 

' 

i 

Nb.  TbrM 

Uaamtel 

w«t 

12 

It  575  i 

... 

- —  ! 

■■■■ 

■■■■■■■ 

■  ■ 

_  „  4 

*ssi  «». ft  tt.W.1 


FLIGHT 


LANDING 


MAX.  GROSS  WEIGHT  WITH  ZERO  WING  FUEL 


CATAPULTING _ 

MM.  FLYING  waCHT 


LIMIT  AIRPLANE  LANDING  JINKING  SPEED  (FTYSEC) 


STALL  SPEED  -  LANDING  CONFIGURATION  -  POWER  OFF  (SNOTS)  _ 


PRESSURIZED  CABIN  •  5H.T.  OCSICN  PRESSURE  DIFFERENTIAL  -  FLIGHT  (P4.U 


Li  I tym  jv.iiggta.i  'j  I '.!!  i.ra  Tgarnmg 


Lk«.  of  set  +Attt  &  64  Uta/cn.  fc 
Pvmjlel  to(«i  ttkytor. 


f* *~Pw*lkl  so  V 
**^Toc*J : u.'viie  x^r*city. 


*«.  a.  ocm»w  RWMTTJR3  cw  «m  o  rvjrj 
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TABLE  V  -  11 


STRUCTUAL  AND  DESIGN  DATA 
USED  FOR  WEIGHT  ESTIMATION 


GEOMETRIC  DATA  WING 

Weight  Prediction  Value 

Length  of  MAC,  Inches  153 

2 

Area  -  Gross  -  Ft.  838 

2 

Area  -  Exposed  -  Ft.  655 

Span  -  Gross  «  Ft.  65.75 

Span  -  Exposed  (One  Side)  Ft.  25.8 

Span  -  Structural  -  Exposed  25.8 

(One  Side)  Ft. 

Aspect  Jiatio  *  5.16 

Taper  Raio  1.0 

Root  Chord  -  Aircraft  -  Ft.  12.75 

Root  Chord  -  Exposed  Area  -  Ft.  12.75 

Tip  Chord  -  Ft.  12.75 

Root  Chord  Thickness  Ratio  .21 

Tip  Chord  Thickness  Ratio  .21 

Root  Chord  Thickness,  Gross  Area  -  Ft.  2.68 

Soot  Chord  Thickness,  Exposed  Area  -  Ft.  2.68 

Tip  Chord  Thickness  -  Ft.  2.68 

2 

Torque  Bo::  Area,  Gross,  Ft.  314 

2 

Torque  Box  Area,  Exposed,  Ft.  264 


GEOMETRIC  DATA  WING  (Continued) 


2 

Leading  Edge  Area,  Exposed,  Ft. 

2 

Trailing  Edge  Area,  Exposed,  Ft, 

2 

Ailerons  Area  Ft. 

2 

Trailing  Edge  Flaps  iV/pe:  Area,  Ft.  ) 
Leading  Edge  Sweep  Angle  -  Degrees 
25%  Chord  Sweep  Angle  -  Degrees 


HORIZONTAL  TAIL 

Length  of  MAC  -  Inches 
2 

Area,  Gross  -  Ft. 

2 

Area,  Exposed,  Ft. 

Span,  Gross,  Ft. 

Span,  Exposed  (One  Side)  Ft. 

Span,  Structural,  Gross,  Ft. 

Span,  Structural,  Exposed,  (One  Side)  Ft. 
Aspect  Ratio 
Taper  Ratio 

Root  Chord,  Gross  Area,  Ft. 

Root  Chord,  Exposed  Area,  Ft. 

Tip  Chord, Ft. 

Root  Chord  Thickness  Ratio 

Tip  Chord  Thickness  Ratio 

Root  Chord  Thickness,  Gross,  Area,  Ft. 

Root  Chord  Thickness,  Exposed,  Area,  Ft. 


Weight  Prediction  Value 

99  .  , 

296  -  . 

58 

108 

0 

0 


98 

25? 

233 

32 

15 

32 

15 

4.0 

0.7 

9.5 

9.15 

6.66 

.15 

.15 

1.43 

1.37 


i 

i 


( 

i 
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HORIZONTAL  TAIL  (Continued) 

Weight  Prediction  Value 

Tip  Chord  Thickness,  Ft.  1.0 

2 

Elevator  (Movable  Surface)  Area,  Ft.  68.7 

Tail  Moment  Arm,  25%  Wing  MAC  to  25% 

Horizontal  Tail  MAC  -  Ft.  38.83 


VERTICAL  TAIL 

Number  of  Surfaces 

Length  of.  MAC  Inches 
2 

Area,  Gross,  Ft. 

2 

Area,  Exposed,  Ft. 

Span,  Gross,  Ft. 

Span,  Exposed,  Ft. 

Span,  Structural,  Gross,  Ft. 
Span,  Structural ,  Exposed,  Ft. 
Aspect  Ratio 
Taper  Ratio 

Root  Chord,  Gross  Area,  Ft. 
Root  Chord,  Exposed  Area,  Ft. 
Ti**  Chord,  Ft. 

Root  Chord  Thickness  Ratio 
Tip  Chord  Thickness  Ratio 


1 

153 
141 
141 
11.42 
11.42 
11.42 
11.42 
0.89 
O.fi 
16.08 
16.  OS 
9.65 
.15 
.15 
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VERTICAL  TAIL  (Continued) 


Root  Chord  Thickness/  Gross  Area,  Ft. 
Root  Chord  Thickness,  Exposed  Area,  Ft. 
Tip  Chord  Thickness,  Ft. 


Weight  Prediction  Value 


2.51 

2.51 

1.45 


Tail  Moment  Arm,  25%  Wing  MAC,  to  25%  Vert. 
Tail  MAC,  Ft. 

Location  of  Horizontal  Tail,  Distance 
From  Root  Chord,  Ft. 

FUSELAGE 

Overall  Length,  Ft. 

Overall  Width,  Ft. 

Overall  Height,  Ft. 

Basic  Structure  Length,  Ft. 

Basic  Structure  Width,  Ft. 

Basic  Structure  Height,  Ft. 

Wetted  Area  (Total  -  Ft.2) 

3 

Pressurized  Volume  (PSI  Differential  Ft.  ) 

LANDING  GEAR 
Type 

Main  Gear 
Nose  Gear 

C.B.R. 

Number  of  Main  Gear  Wheels 
Number  of  Nose  Gear  Wheels 
Sink  Speed,,  Ft. /Sec. 


31.42 

11.5 


68.33 
9.7  ' 
11.5 
63. G 
9.7 

11.5 

2700 

0 

Tricycle 

Tandem 

Dual 

4 

2/Side 

2 

12 
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PROPULSION 

Number  of  Engines 
Engine  Type 
Power  Per  Engine 
Nacelle  Type 
Fuel  System 
Tanks 

Number/Location 
Capacity  -  Gals. 
Type/Material 
Type  Fuel/Density 

Lubricating  System 

Tanks 

Number 

Capacity  -  Gals. 

Coolers 

Number 

Drive  System 

Design  Horsepower 
Propeller/Rotor  rpm 
Engine  RPM 


Weight  Prediction  Value 

4 

Turbo-Shaft 

5297 

Tilting 

12/Wing 

1,573 

S/S  .50  Cal. 
6.5#/Gal. 

0 

0 

0 

21186 

206/Cruise 
6920  Cruise 


'*?^55!5*^!5?77v" 


ROTORS 


Type 

Design  Horsepower  -  Cruise/Hover 
Tip  Speed  Ft. /Sec.-  Cruise/Hover 
Blade  Radius  Ft. 

Blade  Chord  Ft. 

Number  of  Blad< - 
Blade  Area  Ft.“ 

Solidity 

Point  of  Blade  Attachment,  Distance  from 
Centerline  of  Hub  to  Blade  Attachment, 


Ft. 


'WW^-  -- •  nw.  .~W  *^»?S55|SRgS 


Weight  Prediction  Value 

Hingeless 

7580/5860 

595/850 

27.5 

2.65 

3 

72.82 

.092 


2.0625  j 

1 

s 

| 

s 

? 

i 
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Weight  Savings  with  Advanced  Filament  Composite  Materials",  Rough  Draft  of  Boeing- 
Seattle  Document,  R.D.  Martin,  IO-j-66.  (Reference  V-3) 

Proceedings  cf  the  Fourth  Weight  Prediction  Workshop  for  Advanced  Aerospace  Design  Projects 
Paper  VI,  "Advanced  Composite  Wing  Structures",  W.  Ludwig,  October  1968.  (Reference  v-4) 
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7.  WEIGHT  ESTIMATION  SPBSTASTli  kTIOM 

The  detailed  methodology  used  to  derive  the  component  weights  for 
Model  215  are  presented  in  this  section . 

A3  previously  mentioned,  the  weights  were  determined  through 
VASCOMP.  Further  verification  of  these  weights  will  be  accompli¬ 
shed  during  in-depth  system  design  studies  in  Phases  II  and  IV 
of  this  contract. 

The  weights  are  based  on  a  1972  state-of-the-art  and  reflect  the 
consideration  of  advanced  materials  and  advanced  drive  system 
technology,  4 

It  has  been  assumed  that  the  overall  weight  of  the  wing,  tail 
and  body  can  be  reduced  by  12.5%  and  the  nacelle  can  be  reduced 
by  9.0%  from  1969  Technology. 

An  "in-house"  survey  of  previous  advanced  material  studies 
has  been  conducted  and  the  results  of  weight  savings  have  been 
summarized  in  Table  V-12. 
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Prop/Rotors 

Weights  as  derived  by  VASCOMP  are  based  on  the 
emperical  equation  shown  below.  The  constant, 
13.5,  reflects  the  utilization  of  a  titanium  hub 
and  fibre-glass  blades. 


WR  =13.5  (X)0*67 


*  (r) 


Where: 


0.25—.  —  0.5r  —  _  — 

'  f®R  I  |VTl|  GA  . 

Lisrj  Imr,  jTrj 


“  Weight  of  One  Rotor 

=  Center  Line  of  Rotation  to  Blade 
Attachement 


=  Horsepower/  Rotor 
=  Design  Tip  Speed 
=  Solidity 
=  Radius 


=  Disc  Area 


Ft.  =  2.063 


10593x1.1 


Ft/Sec.*  850x1.1 
*  0.092 
Ft.  *  27.5 
i?t.2=  2375 


Total  Rotor  Weight  » 

Rotors  2627,5  x  2 
Spinners 


5,255 


5455# 
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The  eaperical  equation  shown  below  is  the  basis  for 

the  weight  as  derived  by  VASCOMP.  It  has  been  as- 

sumed  that,  since  the  wing  will  be  designed  by  the 

vertical  flight  conditions  rather  than  forward  flight 

conditions,  the  constant  of  220  is  increased  by  25% 

to  275.  0.585 

W„  *  C  (K) 

pjj  juog  ij  Jr  Kr  J  |loq  Vd |  j Locr  A-Rj 


Where: 

Ww  -  Weight  of  Wing 

R«  -  Relief  Term 

*0.89 

_  Body  Content*  Weight 

Lb. 

*26,576 

Sw  -  Gross  Platform  Area  of  Wing 

Ft.2 

*  838 

b  -  Winer  Span 

*  66.4 

B  —  Max  Fuselage  Width 

*  9.7 

-  Taper  Ratio 

*  1.0 

Kp  —  t/c  at  Wing  Root 

*  0.21 

N  -  Ultimate  Load  Factor 

*  4.5 

VD  -  Dive  Velocity 

kts. 

.=  414 

AR  -Aspect  Ratio 

»  5.26 

»w  *  5077 

1972  Material  Factor  (Less  12.5%)  -632 

Add  Pod  Attachment  Fittings  +500 

Total  Wing  Haight  4,945# 

C.  Horizontal  Tail 

The  weight  of  the  horizontal  tail  was  derived  from 
the  following  equation.  Since® unit  tail  is  used,  the 
weight  can  be  further  reduced.  This  weight  saving 
has  ndt  been  incoroorated  here. 


WHT 

»  weight  of  Horizontal  Tail 

o 

■  Planfor*  Area 

Ft.  -258.6 

VD 

■  Dive  Spee  d 

KTS.» 

414 

TMA 

-  Tail  Moment  Arm 

Ft.  « 

38.8 

t 

*  Hoot  Thickness 

Ft.  » 

1.4 

WG 

*  Design  Gross  Weight 

Lbs.« 

67,000 

Ky 

-  Pitch  Radius  of  Gyration 

Ft.  » 

10.8 

^H 

*  Spaa 

Ft.  - 

32.2 

*H 

*  Taper  Ratio 

m 

0.7 

Horizontal  Tail  Weight 

«  762  " 

1972  Material 

Factor  (Less  12.5%) 

—  sr 

total  horizontal  TAIL 

,667  # 
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D.  Vertical  Tail 


The  VASCGMP  weights  ware  derived  from  the  following 


equation: 


*  380  (K)  °*54 


K  = 


Lv  + 


a  Fa  !  I  fv. 

FbT~  i-10« 


^Log 

;  noT 


x  t 


:T0 


1  i  2  V 
1  +  V 


Where: 


~  Weight  of  Vertical  Tail 

*  Distance  Prom  Horizontal  Tail  to  Root 

of  Vertical  Tail 

*  Span 

*  Area 

=*  Dive  Speed 
—  Tail  Moment  Arm 

*  Ticfcness  at  Root 

*  Design  Gross  Weight 

*  Taw  Radius  of  Gyration 

*  Span 

=  Taper  Ratio 


Pt=13.0 
Ft=13 . 0 
Ft2=141 
kts=414 
Ft  =31.4 
Ft  =2.04 
lbs=67,000 
Ft=23 . 3 
Ft=13. 


=  0.6 
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Vertical  Tail  Weight  -  623 


1972  Material 
Factor  (Less  12.5%)  -  -77 

la\5TAL  VERTICAL  TAIL  -  546  Lbs- 


Weights  as  derived  by  VASCOMP  were  obtained  through  the 
equation  shown  below.  It  will  be  noted  on  the  trend  curve. 
Figure  v-7  ,  that  the  weight  is  slightly  higher  than  those 
of  other  transport  aircraft.  Previous  studies  on  bodies  in  this 
class  indicate  this  trend. 


=  C  (K) 


K  *  ,  W 

15*; 


0.508 


r 

B  pf 


[  f  +  hq  vdJ.  p+i 


Where: 

WB  =  Weight  of  Body 

C  *=  Constant  128 

Wjj  «  Body  and  Contents  Weight  n>=26 , 576 

Sf  =  Wetted  Area  of  Body  Ft ^=2, 280 

B  Maximum  Body  Width  Ft=9.7 

=  Body  Length  ~  Basic  Ft=^3.0 
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Length  of  Ramp  Well 
Dive  Speed 

Limit  Differential  Cabin  Pressure 
Ultimate  Load  Factor 


Ft  =  2-0,7 
kts=  414 
psi*  0 
4.5 


Body  Weight  -  6280 

1972  Material 

Factor  (-12.5%)  -783 

"■ SBTLbs. 

TOTAL  BODY  WEIGHT 

ADD:  463  L  Cargo  Loading  System  980 


CABIN  (860) 

Side  Rails  94 

Roller  Trays  151 

Rollers  &  Shafts  78 

Pallet  Locks  140 

Master  Lock  Control  8 

Winch  30G 


Crash  TSkit 


89 
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MHnVM 

ITniiiiiiiiiTitHiiiiHiikfi'iSuSr 


RAMP 


(120) 


Side  Rails  34 
Roller  Trays  55 
Rollers  and  Shafts  29 
Teeter  Rollers  3 


TOTAL  BODY 


6,477  Lbs. 


F.  Landing  Gear 

The  weight  of  the  landing  gear  has  been  based  on  3.8%  of 
Design  Gross  Weight.  This  includes  wheels,  brakes ,  tire 
tube,  struts,  linkages,  retracting  mechanism  and  pods. 

No  penalty  has  been  assigned  for  rough  field  STOL  take-off. 
Therefore,  the  weight  reflected  here  is  for  STOL  take-offs 
from  semi-prepared  {e.g.  landing  mats)  and  paved  runways. 

The  basic  design  criteria  are  a  sink  speed  of  12  feet  per 
second,  :-nd  CBR  =4. 

Table  V-13  is  a  tabulation  of  V/STOL  landing  gear  weights 
in  per  cent  of  gross  weight  and  it  shows  that  STOL  aircraft 
typically  have  a  higher  weight  landing  gear  than  primarily 
VTOL  aircraft.  Further  reduction  in  landing  gear  weight 
can  be  realized  through  use  of  better  high  strength  materials. 
These  reductions  have  not  been  incorporated  at  the  time. 
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TOBT-g  V— 13 

SUMMARY  OF 

LANDING  GEAR  HEIGHT 
IN 

PERCENT  OF  GROSS  HEIGHT 
FOR 

V/STOL  AIRCRAFT 


Helicopters 

% 

Airplane 

% 

G.H. 

G.W 

CH-46A 

3.1 

Bell  XV- 3 

3.1 

CH-46D 

2.8 

XC142A 

3.2 

CH-46E 

3.1 

Bell  266 

3.6 

CH-47 

3.4 

CH-47C 

3.3 

♦DeHavalland 

CH-3C 

3.4 

DHC- 5 

4.2 

CH-53A 

2.9 

♦Brequet . 941S 

4.5 

CE-54 

4.7 

♦DeHavalland 

CH-54A 

4.7 

DHC 

5.4 

107-2 

3.1 

*C130 

4.1 

AH-56A 

3.6 

*C123 

4.3 

HH-52A 

5.9 

♦Rough  Field  Requirements 

HOP-2 

3.2 

UH-34D 

3.7 

SE-3A 

4.2 

H-21C 

3,6 
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G.  Flight  Controls 


Flight  controls  include  all  controls  for  Propeller/Rotor , 
cockpit,  conventional  airplane  controls,  tilt  mechanism  and 
the  stability  augmentation  system.  The  values  used  for  K 
are  a  result  of  previous  studies. 


Cockpit  Controls 


0.41 


cc  cc  1000 

K  =  26. 
cc 

Rotor  Upper  Controls 
WUC  11  KUC  WR 


It.-  =  0.45,  W  =  Weight  of  2,367 
R  Rotors 


Rotor  Hydraulics 


=  K„  ,  WR_ 
“  ‘  100 

K„  ="20. 


1  0.84 


Conventional  Airplane  Controls 

!  1 


CA  =  K, 


=  0.013 


Tilt  Mechanism 


K™  k 


*TM  =  0.015 

Stability  Augmentation  System 


1005 


TOTAL  FLIGHT  CONTROLS  5,399 
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Drive  System 


The  weight  of  the  drive  system  includes  gear  boxes, 
cross  shafting,  lubrication,  etc.  The  constant  in  the 
equation,  220,  reflects  a  15%  reduction  due  to  advanced 
drive  sy stew  technology  wherein  a  bending  stress  of 
40,000  psi,  and  a  Hertz  stress  of  180,000  psi  for 
spur  helical  gear  teeth  and  260,000  psi  for  spiral  and 
bevel  gear  teeth  is  anticipated  using  VASCO  x2  Modified 
vacuum  melt  alloy  steel. 


Present  designs  use  SAE  9310  carbonized  steel  with  a 
bending  stress  of  30,000-34,000  psi  and  a  Hertz  stress  of 
150,000-160,000  psi  for  spur  and  helical  gears  and 
225,000-250,000  psi  for  spiral  and  bevel  gears. 


The  equation  used  by  VASCOMP  is 

_ 0.8 


W, 


DS 


K; 


x  1.1 


H.P. 


Total 


•  RPM  Rotor 


Where: 

e 

n^Total 

RPMRotor 


Constant 
Total  Horsepower 
Rotor  Design  RPM 


*  220 
«  21,186 
=  295 


Total  Drive  System  Weight  =  7,209  il>8- 
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I.  Engines 

The  engines  considered  are  discussed  in  Section  III. 
The  weights  are  based  on  .116  pounds  per  horsepower. 


J .  Engine  Installation 

VASCOMP  determines  the  weight  of  the  engine  installation 
in  terms  of  percent  of  engine  weight.  Enjine  installation 
includes  air  induction,  exhaust,  celling,  lubricating, 
water  injuection,  and  engine  controls. 

treviou  studies  on  engine  installation  of  thi3  type  in¬ 
dicate  this  factor  to  average  40%. 

The  estimated  breakdown  of  this  is: 


Air  Induction 

308 

Exhaust 

390 

Lubricating 

30 

Controls 

90 

Starting 

195 

Fuel  System 

The  fuel  system  for  this  aircraft  consists  of  crash- 
restraint  3elf-sealing  tanks  (protected  3rom  .50 
caliber  gun  fire}/  pumps,  plumbing,  etc.  The  basis 
for  the  weight  in  this  study  is  on  a  pound  per  gallon 
value. 


Wps  =  1#/Gal  x  1573  =  1,573 

Inflight  Re¬ 
fueling  as  63 


TOTAL  FUEL  SYSTEM  =  1,636 


$ 

i 

f 

* 

* 


Nacelle  Structure,  and  Fairing  i 

j 

f 

VASCOMP  determines  the  weight  of  the  nacelle  on  a  per 
cont  of  engine  weight  basis.  Previous  studies  on  this 
type  of  installation  indicate  the  nacelle  weight  to  be 
65%  of  the  engine  weight. 

Wn  =  .65  (2,543)  «  1,653 

1972  Material 

Factor  (9.0%)  =  -148 

TOTAL  NACELLE  WEIGHT  1,505# 
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% 

V 


* 


rft  -  - 


The  fixed  equipment  weights  are  listed  in  Table  VI  and 
are  based  on  estimated  systems.  The  hydraulic  and 
electrical  groups  were  based  on  a  percentage  of  gross 
weight,  as  shown,  and  broken  into  sub-groups  as  an  esti¬ 
mate  only. 
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TABLE  V~14 


TABULATION  OF  FIXED  EQUIPMENT  WEIGHTS  FOR  MODEL  215 


Auxiliary  Power  Plant 

200.0 

Engine 

91.0 

Eng .  Supports 

5.0 

Air  Induction 

5.0 

Exhaust  System 

5.2 

Lube  System 

2.0 

Fuel  System 

8.0 

Controls 

8.7 

Starting  System 

56.4 

Insul .  and  Blankets 

18.7 

300.0 

XMTR  Instl.  46.4 

3.6 
2.0 
3.2 

4.6 
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Instruments  &  Navigation  (Continued) 


Flight 


XMTR 


Instl 


Compass  -  Mag. 
Free  Air  Temp. 


Bng.  t  Flap  Pos. 

(2) 

2.2 

.1 

.9 

3.2 

Rudd.  &  Ailer  Net 

,4 

1.6 

2.0 

Land.  Gr.  Pos. 

1.0 

.9 

2.0 

3.9 

Clock-Mech . 

1.1 

1.1 

Stall  Warning  (2) 

3.6 

3.0 

3.8 

10.4 

Pitot  Static 

9.9 

9.9 

Propulsion 

221.4 

Fuel  -  Quantity 

1.3 

30-0 

53.6 

85.1 

Flow 

4.8 

4.5 

20.1 

29.4 

Engine-Turbine  RPM 

3.1 

2  8 

5.1 

11.0 

Inlet-Temp. 

(2) 

2.3 

16.0 

£.3 

Torque 

(2) 

3.2 

7.5 

10.7 

Total  Torque 

(2) 

2.3 

2.3 

4.6 

Engine  Oil-Press 

1.8 

4.0 

10.4 

16.2 

Temp 

{2? 

1.5 

.8 

2.6 

4.9 

XMSN  Oil  Press 

1.8 

7.6 

10.0 

19.4 

Temp 

1.8 

2.8 

10.0 

14.6 

Level 

.3 

1.0 

3.4 

4.7 

Propeller  RPM 

.8 

.7 

1.0 

2.5 

Miscel laneous 

32.2 

Hydraulic  Press. 

(3) 

*» 

•  4 

6.1 

3.3 

10.0 

Master  Caution 

.5 

5.0 

5.5 

Caution  Panel 

3.6 

2.3 

5.9 

Ics  Detector 

6.2 

6.2 

De-Ice  &  Anti-Ice 

3.0 

3.0 

Nose  Trim 

(2) 

.4 

.4 

Oxygen  Quantity 

.9 

.3 

1.2 
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HYDRAULICS  0.5%  GW  *  .005  ( 67/  OQ0>  *  335.0 


Estimated  Weights 


Pump  Motor 

10.0 

Reservoirs 

12.0 

Filters 

7.0 

Press.  Reg. 

2o0 

Transfer  Valve 

16.0 

Shut-Off  Valve 

2.0 

Emergency  Valve 

9.0 

WG.  Trans. 

1.0 

Grnd.  Test  Ftg. 

3.0 

Controls 

13.0 

Plumbing 

165.0 

Fluid 

42.0 

Supports 

53.0 

ELECTRICAL  1.9%  GW 

Estimated  Weights 
A.C.  System 
Gen  $4) 

C.S.D.  Units  (4) 

Transformer  (2) 

Super  Panels  €3) 

PvTo  Monitor 
Main  C/B  Panel s  (5) 

C/B  Panels 

Wiring  &  Plugs  &  Misc. 
Supports 


=0.019  (67,000)  1248 

784 

180 

120 

24 

7 

3 

15 

1 

584 

50 


i 


\ 


i 

l 


4 


«*! 


£ 


i 

[ 


% 


D.  C.  System 

464 

Battery 

50 

Battery  Chg. 

12 

D.C.  C.B.  Pnls  &  Diodes  (2) 

1 

Battery  Relay 

1 

Sw.  &  J-Box 

18 

Wiring  &  Plugs  &  M3.sc. 

292 

Lights  &  Signals 

60 

Supports 

30 

ELECTRONICS 

1093.0 

Communications 

105.2 

HF-SSB-VHF-FM 

42.5 

OHF-AM 

10.0 

VEF-AM 

10.0 

Inter  Com 

14.5 

P.A. 

10.0 

TFF  (Aims) 

18.2 

i 


Navigation  &  Radar 

421.6 

B*I .L.S . 

100.0 

Tacan 

22.0 

Radar  Alt. 

15.0 

UHF/ADF 

11.6 

TLS  with  VOR 

6.1 

Station  Keep 

50.0 

LF-MF/ADF 

11.6 

Multi-Kode  Rad 

188.0 

Back-Up  Head  Ref. 

17.3 

Computing 

236.4 

Air  Data  Comp. 

3.4 

Aerial.  Del. 

100.0 

Aids 

133.0 

Crash  Recorder 

28.0 

Avionics  Instl. 

301.8 

Antennas 

65.8 

Radomes 

35.0 

Wiring  &  Plugs 

164.6 

Supports 

36.4 
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ARMAMENT 

Provisions  for  Armor  Plate 

FURNISHINGS  &  EQUIPMENT 

50.0 

50.0 

1812 

Personnel  Acccm. 

69*. 0 

Pilot  &  Co-Pilot 

70.0 

Seats  (2) 

23.0 

Seat  Belts  (2) 

6.0 

Harness  &  Reel  (2) 

11.0 

Adjust  Mech. 

6.0 

Tracks  &  Supts. 

24.0 

Crew  Chief 

19.0 

Seat 

11.0 

Seat  Belt 

3.0 

Harness  6  Reel 

3.0 

Tracks  6  Supt. 

2.0 

TiOC^S  (60) 

434. 

Seats 

200.0 

Belts 

64,0 

Tracks  &  Supts. 

170.0 

Misc.  Pers.  Ar^ura. 

75. 

Litter  Instl. 

71.0 

Relief  Tube 

4.0 

Oxygen  System 

101. 

Lox  Conv. 

25,0 

Fixed  Prov. 

71.0 

Prov.  Recharging 

5.0 
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FURKISHINGS  &  EQUIPMENT  (Continued) 


Misc.  Equipment 
Windshield  Wiper  &  Washer 
Instr.  Boards 
Consoles 

Overhead  Consoles 
Tie-Down  Fittings 

Furnishings 
Soundproof ing 


Cockpit 

50.0 

Cabin  Forward 

125.0 

Cabin,  Propeller  Plane 

110.0 

Cabin  Aft 

465.0 

Ramp 

115.0 

Emergency  Equipment 
Fire  Extg. 

Controls 
Plumbing 
Wiring  6  Instl. 

Eng.  Fire  Det. 

APU  Fire  Det. 
Cockpit  Fire  Extg. 
Cabin  Fire  Extg. 
First  Aid  .’it 


125.0 

2!>.0 

17.0 

18.0 

10.0 

51.0 

865. Q 
865.0 


7.23.0 

55.0 

9.0 

14.0 

10.0 


7.0 


1.0 


S.O 


16.0 

3.0 
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AIR  CONDITIONING  i  DE-ICING 

Air  Conditioning 

A/C  Unit 

Decting 

Plumbing 

Controls 

Supports 


De-Icing 
Wing  &  Tail 

Airlines  &  Hoses  39.0 

Distribution  3.0 

Controls  8.0 

Electrical  4.0 

Supports  3.0 

Air  Induction 

Ducting  20.0 

Plumbing  18 . 0 

Controls  8 . 0 

Electrical  6 . 0 

Supports  6 . 0 

Prop  &  Spinner 

Controls  8 . 0 

Electrical  10.0 


Canopy  £  Windshield 


394.0 


255.0 

103.0 

78.0 

34.0 

14.0 

26.0 

139.0 

57.0 


58.0 


18.0 


6.0 
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SECTION  VI 

FLYING  QUALITIES 


1.  SUMMARY 

A  preliminary  design  evaluation  of  the  transport  configuration 
tilt  rotor  aircraft  has  been  made  which  shows  the  need  for 
stability  augmentation-.  There  appears  to  be  no  unusual  in¬ 
herently  difficult  flying  qualities  problems.  It  is  suggested 
that  most  of  the  control  and  the  stability  augmentation  for 
this  aircraft  be  provided  by  rotor  controls  so  that  rotor  blade 
load  alleviation  can  be  included i  Vibration  level  of  the  present 
design  is  estimated  to  reach  a  maximum  of  0.11  g  at  t>e  helicopter 
end  of  transition. 
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2.  CRITERIA 


Plying  qualities  criteria  to  be  applied  to  USAF 
Tilt  Rotor  aircraft  design  will  be  MIL-F-Q08785A 
(USAF)  for  flight  at  speeds  above  VC0N  an<^ 

USAF-Cornell  Aeronautical  Laboratory  proposed 
V/STOL  flying  qualities  criteria,  Reference  VI-1# 
with  speeds  up  to  and  including  VC0N.  For  this 
effort  VCOjj  is  defined  as  that  airspeed  at  which 
a  load  factor  of  1.2  can  be  achieved  with  the  wing 
flaps  retracted  and  with  no  lift  produced  by  the 
rotors.  It  is  assumed  that  all  approaches  to  landings 
will  be  made  in  the  transition  flight  mode  with  the 
V/STOL  criteria  applicable.  The  aircraft  has  been 
assumed  to  be  of  Class  II  (heavy  utility/search  and 
rescue  or  assault  transport)  and  has  been  evaluated 
for  Category  S  flight  phases. 

Vibration  criteria  of  MIL-H8501A  indicates  that  0.15  g 
at  the  number  of  blades  per  rev  frequency  shall  not  be 
exceeded  at  speeds  below  cruise  speed.  The  present 
design  will  comply  with  chis  criterion  but  a  more 
stringent  criterion  is  believed  necessary.  Ground 
handling  and  ground  resonance  stability  will  be  as 
defined  in  Reference  VI-1  or  MIL-H8501A. 


3,0  INTEGRATED  LOAD  ALLEVIATION  AND  FLIGHT 
CONTROL  SYSTEM 


Recent  developments  in  flight  control  systems  have  shown 
the  advantages  of  compromising  the  stability  augmentation 
system  to  reduce  structural  fatigue  loads.  The  Load  Al¬ 
leviation  by  Modal  Suppression  (LAMS)  system  developed  by 
Boeing  for  the  B-52H  is  the  production  example  of  such  a 
system.  This  concept  is  of  considerable  value  for  the 
hingeless  rotored  tilt  rotor  aircraft  since  the  first 
bending  mode  rotor  blade  stresses  are  easily  suppressed  in 
all  flight  modes  by  rotor  cyclic  pitch  control.  Such  a 
Load  Alleviation  by  Rotor  Modal  Suppression  (LARMS)  system 
is  assumed  to  be  used  on  the  USAF  Tilt  Rotor  Model  215  air¬ 
craft. 


As  presently  conceived,  the  LARMS  system  will  provide 
feedbacks  to  alleviate  problems  of  gust  sensitivity,  all 
of  the  known  rotor-airframe  suabilities  and  airframe  elastic 
effects  on  flying  qualities  as  well  as  rotor  blade  stresses. 
Also,  stability  augmentation  will  be  provided  in  pitch  and 
yaw  in  the  helicopter  mode  and  to  damp  the  dutch-roll  airplane 
mode.  This  system  mainly  consists  of  bi-cyclic  rotor  controls 
with  nacelle-moment  feedback. 
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This  system  has  five  major  advantages  for  the  tilt  rotor 

configuration  which  are: 

a.  Tail  surfaces  can  be  sized  for  minimum  stability 
since  the  static  destabilising  effects  of  the 
prop-rotors  will  be  canceled  by  the  system. 

b.  Design  of  the  wing  and  nacelle  structure  does 
not  have  to  be  compromised  for  increased  stiff¬ 
ness  to  avoid  instabilities  and/or  flying  quali¬ 
ties  problems  due  to  wing  twisting  caused  by 
rotor  moments. 

c.  Design  of  the  landing  gear  to  damp  ground  resonance 
oscillations  will  not  be  as  critical. 

d.  A  nacelle  tilt  synchronization  system  is  not 
required  but  would  be  provided  for  fail-safety. 

«.  The  elevator  and  rudder  surfaces  airplane  controls 
can  be  eliminated  by  using  the  rotor  controls. 

Ailerons  must  be  retained. 

Control  logic  schematic  for  pitch,  roll  and  yaw  attitude 

controls  are  given  in  Figure  VI- 1,  VI-2  and  VI-3,  respectively. 

These  controls  will  provide  the  following  functions. 
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Pilot 

Command 

Longitudinal 

Rotor 

Pitch 

Control 

Cyclic  Pitch 
Cont_  ;il 

— 

Normal  Force 

& 

Moment 

Primary 
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Controls 


t- 


Horizontal  Tail 
Surface  Control 


LAP  MS 


Automatic  Cyclic  Pitch 
Control  for  Minimum 
Nacelle  Moment 


Logic  to  ■ 
Minimize  [•• 
Automatic' 
Cycle 


Fuselage 
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Control 
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Moment 
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Pitch  , 
Response 
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Nacelle  Tilt  Actuatorj 


FIGURE  VI-1  CONTROL  LOGIC  SCHEMATIC 


PITCH  ATTITUDE  CONTROL 


Aileron 
(Flaperon)  j~ 
Control  i 


^  Differential 

Differential  i 

■) - feH*  Long.  Cyclic 

H  Rotor  Bomal ~*j 

i  J  Control 

Forces  L 

_J  - 

Aircraft. 


*  Nacelle  Moment! 
—  Feedback  ■  at  j* 

Each  Rotor 


♦  Roll  Rate  Feed  Back  May 
Required  for  Dutch  Roll  j 


Pilot  Command.  ' 
Roll  Control 


,  \  Airplane 
\  Mode 

*  ° - Control 

Average 

Nacelle 

Tilt 


r  * 

Average 
Nacelle 
!  Tilt 


Helicopter 
Mode  Control 


*  These  Feedbacks  Drive 
Parallel  Automatic 
(SAS)  Actuators 


Differential 

Collective 

Control 

System 


Differential 

Rotor 

Thrust 


FIGURE  VI- 2  CONTROL  LOGIC  SCHEMATIC  -  RCLL  ATTITUDE 
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* 


a.  Bi-cyclic  rotor  controls  and  SAS  actuators  are 
provided  for  the  LARMS  controls.  The  lateral 
cyclics  should  have  about  the  half  of  the 
authority  of  the  longitudinal  cyclics. 

b.  Fusfclage  attitude  should  be  controlled  in  hover  by  an 
attitude  sensor  which  commands  the  required  auto- 

t  matic  longitudinal  cyclic  pitch.  This  system  needs 

j  to  have  response  characteristics  such  that  the  pilot 

can  cause  aircraft  pitch  attitude  changes  for  transi¬ 
tion  control. 

t 

? 

;  c.  Nacelle  tilt  should  be  driven  by  a  nacelle  moment 

feedback  loop  in  such  a  way  that  the  automatic 

J 

longitudinal  cyclic  pitch  is  minimised.  It  is 
expected  that  this  system  will  have  a  slow  re¬ 
sponse  . 

i 

* 

i 

d.  Horizontal  tail  control  should  be  limited  to  a 

I 

i  slow  response  system  driven  by  a  feedback  which 

! 

j  acts  to  minimize  the  longitudinal  rotor  cyclic 

j  pitch  in  cruise. 

e.  Vertical  and  lateral  gust  sensitivity  will  be  mini- 

j 

i 

!  mized  by  the  cyclic  controls  with  nacelle  moment 

feedback  which  therefore  must  act  in  the  cruise  mode. 

An  automatic  collective  pitch  system  will  be  required 

in  cruise  to  prevent  horizontal  gust  sensitivity.  This 

feedback  system  requires  a  low  sensitivity  (small  pitch 
change  per  unit  acceleration)  but  a  fast  response. 

VI -8 


Fuselage  attitude  control  is  provided  by  longitudinal  cyclic 
pitch  of  the  rotors  with  the  aid  of  the  horizontal  tail  trim 
in  transition  and  cruise.  In  hover,  moment  trim  is  provided 
by  the  cyclic  pitch  and  if  the  eg  is  at  an  extreme  a  few 
degrees  of  attitude  change  will  be  required  to  balance  the 
longitudinal  forces.  When  the  nacelles  tilt  during  transi¬ 
tion  and  as  the  horizontal  tail  becomes  effective,  additional 
moments  are  produced  which  must  be  trimmed.  An  attitude 
sensor  and  control  feedbacks  could  be  provided  as  part  of  the 
control  system  to  provide  near  zero  trim  attitude  hange 
with  the  use  of  a  minimum  cyclic  pitch  control.  The  pilot 
could  be  provided  with  a  trim  control  to  select  the  attitude 
he  prefers  but  this  is  not  expected  to  be  a  necessary  pilot 
control  function. 

This  IARMS  control  system,  as  shown  in  Figures  VI-1,  VI--2, 
and  VI-3,  could  be  provided  with  any  of  the  advance  flight 
control  schemes  at  the  pilot  interface .  This  system  could 
also  be  readily  integrated  with  the  avionics  for  navigation 
and  position  holding. 


y 


I 
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4.  AIRCRAFT  LIFT-DRAG  VOLARS 

The  lift  and  drag  characteristics  of  the  aircraft  have 
been  determined  by  using  well-known  and  tested  methodology 
and  are  shown  in  Figures  VI-4.  The  effects  of  the  geometric 
properties  of  the  wing  (high  thickness/chord  ratio,  low  aspect 
ratio  and  simple  plain  flap  system)  and  the  transport  fuselage 
are  evident  in  this  figure.  The  aircraft  lift  polar.  Figure 
VI- $  shows  the  Cj  produced  by  this  flap  system.  The  drag 
polar  for  this  aircraft  at  low  Mach  number  is  given  in  Figure 
VI- 6  and  the  effect  of  compressibility  is  shown  in  Figure  VI-?. 
It  is  shown  that  the  aircraft  will  have  some  drag  divergence 
when  flying  at  dash  speed.  This  could  be  cured  with  further 
refinement  of  the  design  but  probably  would  not  be  a  problem 
unless  some  side  effect  such  as  aileron-buzz  occurred. 

The  calculations  for  obtaining  CT  and  Cj.  at  varying 

u  MAX 

angles  of  attack  and  flap  settings,  and  consequently  vstaIiL, 
for  the  baseline  configuration  followed  Section  4.1  of 
Reference  VI-2.  Starting  from  experimental  low  speed  air¬ 
foil  section  aerodynamic  characteristics,  conventional 
corrections  were  applied  to  account  for  the  effects  of 
boundary  layer  influenced  by  wing  surface  form  and  roughness. 
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as  well  as  geometric  arrangement  and  Reynolds  Number. 
Reference  VX-2  utilizes  the  method  of  Reference  VI -3 
which  is  especially  applicable  to  the  straight  untapered, 
untwisted  wing  of  the  design-point  aircraft  for  determining 
its  three-dimensional  lift-curve  slope.  This  method  gives 
results  that  agree  with  slender -wing  theory  at  very  low- 
aspect-ratios  and  with  two-dimensional  section  data  at 
infinite  aspect  ratios.  The  wing  alone  Cl  obtained  was 
then  adjusted  to  reflect  the  presence  of  the  fuselage.  The 
wing-body  contribution  was  obtained  from  wind  tunnel  test 
data  of  Reference  VI-*.  The  contribution  of  the  tail  tc 
the  aircraft  was  computed  using  the  methods  outlined 

in  References  VI- 2  and  VI- 4.  The  parameters  of  the  aircraft 
are  give.)  in  Table  VI-1.. 


For  the  thick  airfoils  utilized,  stall  usually  occurs  as  a 
result  cf  separation  from  the  trailing  edge  and  is  charac¬ 
teristically  mild,  with  gradual  rounding  of  the  lift  and 
moment  curves  near  The  maximum  lift  of  these  sections 

is  correlated  by  using  the  position  of  maximum  thickness  in 
addition  to  the  y  -  parameter  (the  difference  between  the 
upper  surface  ordinates  at  the  6%  chord  and  1.5%  chord 
stations,  respectively) .  There  is  also  a  maximum  lift  increment 
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WING 

Area 

Mean  Aerodynamic  chord 
Aspect  Ratio  (Geometric) 
Section 

horizontal  taxi. 

Area 

Aspect  Ratio 
Moment  Arm  (Aft  eg) 

Volume  (aft  eg) 

Section 

vertical  TATT, 

Area 

Aspect  Ratio 
Moment  Arm  (aft  eg) 

Volume  (aft  eg) 

Section 

WEIGHT-INERTIA 

W  =  67,000  lb 
*XX  *  983,400  Slug  -  ft2 
lyy  =  242,460  Slug  —  ft2 
I22  ~  1, 128,450  Slug  -  ft2 
=  12,100  Slug  -  ft2 


838  ft2 
12.75  ft2 
5.16 

NACA  64-221 


257  ft2 
4.0 

41.8  ft 

1.01 

NACA  64-015 


161  ft2 

1.0 

34.5  ft 

.101 

BACA  64-015 
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due  to  camber  vfoieh  is  a  function  of  maximum  thickness  position 
as  well  as  position  and  magnitude  of  maximum  camber.  Roughness 
merely  decreases  the  energy  of  the  boundary  layer  of  thick 
airfoils,  thus  lowering  maximum  lift.  Mach  number  effects 
are  very  severe  on  thick  airfoils  and  maximum  lift  coefficient 
begins  to  drop  at  Mach  0.2.  For  thick  cambered  airfoils, 
the  angle  of  attack  for  zero-lift  varies  with  Mach  Number, 
particularly  above  the  critical  Mach  number.  The  calculation 
°f  and  the  variation  in  the  non-linear  range  are 

based  on  the  methods  of  Reference  VI- i  and  the  lift  charac¬ 
teristics  are  given  in  Figure  VI- 5. 


The  vertol  method  of  drag  build-up,  as  detailed  in  Reference 
VI-6  was  used  in  this  study  to  obtain  the  zero  lift  drag 
of  the  aircraft.  The  drag  coefficient  is  defined  as: 


CD  -  cDp, 


+  c 


Dp  +  CDj  +  CD„ 


where  CD  =  minimum  parasite  drag 
PMIN 

C_  =  parasite  drag  increase  with  lift 
Dp 


=  induced  drag 


C_  =  drag  due  to  compressibility 


In  cruise  flight  the  total  drag  is  due  primarily  to  the 


,  since  the  drag  due  to  lift  is  small  at  cruise  lift 
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coefficients*  and  the  drag  due  to  compressibility  i» 
reduced  by  selecting  aircraft  geometry 

to  achieve  that  objective.  The  total  parasite  drag  of  each 
aircraft  component  is  accounted  for  by  the  build-up  of  skin 
friction,  three-dimensional  effects,  interference,  and  pressure 
drag  due  to  flow  separation.  The  results  of  these  calculations 
are  given  in  Table  VI- 2.  The  resultant  equivalent  drag  area 
for  the  basic  mission  was  then  reduced  to  coefficient  form, 

,  to  ihich  is  added  the  drag  due  to  lift.  As  cruise 

PMIN 

speed  increases  the  effects  of  compressibility  must  be  accounted 
for  beginning  at  the  critical  Mach  number.  Above  that  speed 
boundary  layer  separation  is  caused  by  shock  waves  which 
results  in  a  rapid  drag  rise.  This  effect  on  drag  coefficient 
is  provided  for  in  the  drag  equation  by  the  Cq  term. 

H 


Hind  tunnel  test  data  of  Reference  VI- 4  on  the  model  shown  in 
Figure  VI -8  have  been  utilized  to  treat  the  full-span  flap 
effect  for  the  nominal  flap  angles  of  0,  15,  30,  45  and  60 


degrees,  respectively.  The  test  data  provided  excellent 
agreement  with  the  lift  and  drag  prediction  at  zero-  flap 


t  I  I 


setting  when  corrected  for  the  differences  in  aspect  ratio 
and  Reynolds  number.  The  test  lift  curve  slope  after  correc¬ 


1  I 


r  i .  - 

i 


tions  was  less  than  2%  higher  than  the  calculated  value, 
and  the  Cj^  intercept  was  0.4  deg  removed  from  the  calculated 
value.  The  most  noticeable  difference  between  calculated 
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TABLE  VI  -  2 


350  KT  10,000  STD.  DAY 
MINIMUM  PARASITE  DRAG  BREAKDOWN 


NUMBER 
REV  LTR 


DATE: 


Configuration:  PSAF  TILT  ROTOR  V/STOL  AIRCRAFT  MODEL  215 


RG/ft.  =  2.9315  x  10* 


Drawing  No. 


FUSELAGE 

3-Dimensional  Effects 

Excrescences 

Canopy 

Afterbody 


1526 


.7850  5.393 


mm 


1.802 

.2048 

.4523 

1.4510 


.002495 


.002322 


HORIZONTAL  TAIL  (1534  t/c) 
3-D  Effects 
Excrescences  &  Taps 
Interference 


VERTICAL  TAIL 
3-D  Effects 
Excrescences  &  Gaps 
Interference 


INBOARD  NACELLES 
3-D  Effects 
Excrescences 
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and  test  results  was  that  the  test  curve  became  non-linear 
at  an  angle  of  attack  of  6°,  compared  with  11*  for  the  cal¬ 
culated  case.  The  no-flaps  values,  •when  reduced  to 

the  same  flight  conditions,  were  1.179  for  test  and  1.178 
for  calculated  results  by  the  DATCOM  method.  Similar  com¬ 
parability  was  noted  in  the  CD  vs  N  and  vs  CD  curves. 

The  prediction  of  the  effects  of  flap  deflection  on  lift 
and  drag  i3  presented  in  Figure  VI-7.  For  plain  flaps 
approximating  those  on  the  Model  2  If  aircraft,  the  lift 
effects  show  only  negligible  differences  but  drag  effects 
are  in  poor  agreement  at  all  flap  angles.  Therefore,  the 
wind  tunnel  test  data  were  used  in  determining  the  aero¬ 
dynamic  increments  due  to  flaps.  Ths  slope  of  the  lift 
curves  for  each  flap  setting  were  assumed  in  the  cal  mlations 
to  be  the  same  as  for  no-flaps  case  even  though  it  is 
recognized  that  there  is  some  change  in  slope  due  to  changed 
wing  geometry  with  flaps  extended.  The  results  used  are 
similar  to  those  obtainable  by  the  method  of  Reference  VI -7. 


5.  STATIC  STABILITY  IS  AIRPLANE  FLIGHT 

The  LARMS  load  alleviation  flight  control  system  has  a  large 
effect  on  static  stability  since'"  it  cancels  all  of  the  static 
effects  of  the  rotors.  To  provide  for  the  possibility  of 
this  system  being  inoperative^,  the  empennage  were  sized  to 
provide  neutral  static  angle  of  attach  and  directional 
stability  at  1.15  times  the  30  degree  flap  stall  speed  at 
the  most  aft  flight  center  of  gravity  location  including 
the  destabilizing  effects  of  the  rotors.  This  speed  corres¬ 
ponds  to  the  minimum,  rotors  fully  converted,  flight  velocity 
during  transition.  The  horizontal  tail  area  and  tail  volume 
are  257  square  feet  and  1.01  respectively  (referred  to  the 
aft  c.g.).  The  vertical  tail  area  and  tail  volume  are  161 
square  feet  and  0.101  respectively. 

The  horizontal  tail  is  located  on  top  cf  the  vertical  tail 
to  minimize  the  wing  downwash  and  dynamic:  pressure  loss 
effects  which  are  destabilizing.  Also,  the  high  horizontal 
tail  acts  as  an  endplate  on  the  vertical  tail  to  increase 
the  vertical  tail  effective  aspect  ratio. 

The  angle  of  attack  stability  of  the  aircraft  with  this  tail 
size  and  without  the  destabilizing  effects  of  the  rotors  is 


*  * 

*■) 

^  , _  .  .  - - ,r_,  _  ....  _ _ ^ _ _ 

shown  in  Figures  VI-10  and  VJ-XX  for  the  transition  and 
cruise  mode  respectively.  The  static  margin  this  stability 
produces  is  slightly  stable  if  the  rotor  stabilization  system 
is  inoperative  as  shown  in  Figure  VI-12.  With  the  rotor 
stabilisation  system  operating  the  static  margin  at  the 
aft  eg  limit  is  greater  than  25  percent  at  all  flight  speeds 
in  the  airplane  mode. 

The  directional  stability  is  also  near  neutral  with  the 
LARKS  rotor  stabilization  system  inoperative  with  thi3 
tail  size.  As  shown  in  Figure  VI -13  a  very  high  level  of 
directional  stability  is  provided  when  this  system  in 
operating  such  as  to  cancel  the  rotor  effects. 
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FIGURE  VI-12 


HORIZONTAL  TAIL  SIZING  PRODUCES  ALMOST  NEUTRAL 
STABILITY  AT  UPPER  END  OF  TRANSITION  WITH  ROTOR 
STABILIZATION  OFF 

am  VI-27 


6.  STABILITY  DERIVATIVES  IN 


The  static  and  dynamic  stability  derivatives  used  in  the 
following  dynamic  stability  analysis  are  summarized  in 
Tables  VI- 3  and  VI-  4.  These  derivatives  are  from  the 
previously  given  static  stability  analysis  and/or  were 
obtained  from  combined  rotor  and  airplane  theory  and  data. 


The  rotor  thrust  variation  with  velocity  was  estimated  from 
Reference  VI- 8  \dsich  utilizes  an  explicit  vortex  influence 
technique;  the  EVIT  Program.  The  rotor  normal  force  variation 
with  ’angle  of  attach  was  estimated  from  Reference  VI- 2 
methodology  which  is  based  on  rigid  propeller  test  data. 

To  properly  account  for  the  flapping  phase  relationship 
on  the  rotor  pitching  moment  variations  with  angle  of 
attack  the  L-02  aeroelastic  rotor  program.  Reference  VII-9,  was 
utilized  %dtich  provides  a  couple  1  .»  aeroelastic  representation 
of  the  rotors.  This  program  shows  good  correlation  with 
previous  Vertol  rotor  test  data.  The  rotor-airframe  and 
airframe-rotor  interference  effects  were  estimated  from 
Reference  VI-2.  Conventional  methodology  from  References 
VI-2  and  VI-5  was  utilized  to  predict  the  rotors  off  stability 
derivatives.  This  procedure  involved  a  buildup  from  two 
dimensional  airfoil  data  and  correcting  for  aspect  ratio, 
compressibility  effects,  interference,  etc.  This  procedure 
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was  performed  on  the  similar  configuration  from  Reference 
VI- 4  and  shows  good  correlation  with  the  wind  turmel  test 


7.  DYNAMIC  STABILITY  III  AIRPLANE  MODE 


A  preliminary  evaluation  of  the  aircraft  shows  a 
minimum  requirement  for  stability  augmentation  and 
essentially  .10  dependence  on  the  rotor  stabilisation 
system  (LARMS)  for  adequate  stick-fixed  flying 
qualities.  Analytical  results  for  the  operational 
flight  envelope  up  to  20,000  feet  and  above  ^cos  are 
given  for  the  aircraft  normal  state  and  with  the 
rotor  stabilization  system  failed.  This  kind  of 
failure  is  considered  as  remotely  possible  so  level 
three  (3)  flying  qualities  are  desired  and  are  shown 
to  be  easily  achieved  after  this  failure. 

This  analysis  is  based  on  the  stability  de¬ 
rivatives  given  in  the  previous  section;  airplane  dynamic 
derivatives  are  from  DATCOM  or  Reference  VI -5. 
and  rotor  derivatives  from  standard  rotor  analysis. 
Reference  VI -S  .  The  parameters  of  the  aircraft 
used  for  this  analysis  are  summarized  in  Table  VI-1. 
Presently,  the  control  system  of  the  aircraft  and 
its  rotor  system  has  not  been  adequately  defined 
for  detailed  stability  analysis.  As  discussed  in 
Section  3.0,  it  is  anticipated  that  the  primary 
control  of  the  aircraft  will  be  provided  by  the 
rotor  control  system  with  the  proper  feel  -  feedbacks 
or  some  advanced  pilot  control  system  is  assumed  to 


VI-33 


be  provided  in  this  aircraft  so  that  there  will 
be  no  deficiency  in  flying  qualities  resulting 
from  this  control  system. 

Longitudinal 

a.  Short  Period:  The  short  period  motion  both 
with  and  without  rotor  effects  is  well  within 
the  spec  for  Category  B.  Data  for  the  longi¬ 
tudinal  short  period  frequency  and  accelera¬ 
tion  sensitivity  of  the  aircraft  are  shown  in  Fig¬ 
ure  VT-14  for  the  aircraft  with  the  rotor 
effect  cancel lei  by  the  LARKS  control  system. 

If  this  system  was  inoperative, slightly  better 
short  period  flying  qualities  would  result  as 
shown  in  Figure  VI-15.  In  either  case,  speeds 
from  180  to  350  knots,  altitudes  to  20,000  feet 
and  C.G.  positions  over  the  allowable  range  pro¬ 
duce  adequate  flying  qualities  This  parameter 
is  also  excellent  at  the  upper  transition  speed 
of  135  knots  with  the  flaps  down  at  the  aft  C.G.. 

The  damping  of  the  short  period  mode  of  the 
aircraft  with  the  aircraft  in  its  normal  state  is 
shown  in  Figure  VI-16  to  be  excellent.  Figure  VI-1? 
shows  tnat  complete  failure  of  the  rotor  stabi¬ 
lization  {LARKS)  system  reduces  the  period  of 
the  short  period  mode  but  greatly  increases  the 
damping  of  this  mode.  This  shows  that  the  LARMS 
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FIGURE  VI- 15  LONGITUDINAL  SHORT  PERIOD  FREQUENCY  AND 

ACCELERATION  SENSITIVITY  F  MODEL  215 
AFTER  REMOTELY  PROBABLE  COMPLETE  FAILURE 
OF  ROTOR  STABILIZATION  SYSTEM 
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FIGURE  VI-16 


LONGITUDINAL  SHORT  PERIOD  DAMPING  RATIO  OF 
MODEL  215  IN  NORMAL  STATE  ;  > 
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FIGURE  VI-17  LONGITUDINAL  SHORT  PERIOD  DAMPING  RATIO  OF  AIRCRAFT 
AFTER  REMOTELY  PROBABLE  COMPLETE  FAILURE  OF  ROTOR 
STABILIZATION  SYSTEM  (LARKS) 
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system  will  significantly  improve  the  gust 
response  characteristics  of  the  aircraft. 

b.  Phugoid:  Analysis  of  the  controls  fixed 

phugoid  mode  shows  that  the  horizontal  gust 
alleviation  function  of  the  IARMS  system 
should  not  completely  cancel  the  sensitivity 
of  the  rotors  to  velocity  perturbations.  As 
shown  in  Figure  VI-18,  the  aircraft  with  the 
gus.  alleviation  system  inoperative  has  a 
high'’?  damped  phugoid  indicative  of  gust 
sensi’. ,  ity.  If  the  gust  alleviation  system 
were  to  completely  cancel  the  effects  of  the 
rotors,  a  slightly  unstable  phugoid  results. 
This  system  will  be  developed  to  produce  the 
minimum  phugoid  damping  required  to  produce 
"level  1"  flying  qualities. 
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(a)  Dutch  Roll:  The  dutch  roll  characteristics  are  deficient 

in  comparison  with  MIL-F-008785  and  yaw  vate  feedback  to  the 
directional  controls  is  required..  This  is  shown  uncorrect&d  in 
Figure  v  -19.  Again  it  is  observed  that  in  case  of  a  failure  of 
the  rotor  stabilization  system,  the  characteristics  are  manager 
able.  The  control  authority  requirements  to  damp  the  rotor 
stabilized  configuration  are  small. 

(b)  Roll  Subsidence:  From  this  preliminary  assessment,  the 

aircraft  is  deficient  in  roll  damping  as  a  result  of  a  high 
roll  inertia  as  compared  to  the  wing  span.  As  shown  in  Figure 
VI- 20,  the  roll  damping  of  the  unaugmented  airplane  does  not 
satisfy  the  Level  1  specification  except  for  high  speed  -  low 
altitude  flight  with  the  rotor  stabilizing  system  inoperative. 

When  the  damping  provided  by  the  rotor,  is  removed  by  the  rotor 
stabilization,  only  Level  2  damping  of  the  aircraft  is  provided. 
This  problem  is  expected  to  be  solved  by  close  attention  to 
providing  rotor  nacelles  which  increase  the  effective  wing  span. 
The  beneficial  influence  of  the  rotor  nacelles  has  been  neglected 
in  this  initial  assessment  of  the  problem.  Addition  of  small 
wing  panels  to  the  outboard  sides  of  the  rotor  nacelles  would 
provide  adequate  damping  if  the  nacelles  can  not  be  made  to  pro¬ 
vide  adequate  effective  span. 

(c)  Spiral  Divergence:  As  indicated  by  the  tail  sizing  phi- 

losphy,  neutral  stability  power  on  will  produce  an  unstable  spiral 

with  the  rotors  stabilized.  This  is  to  be  expected  due  to  the 

large  effect  of  the  unaugmented  rotors  in  yaw.  As  shown  in 

Figure  VI-21,  the  rotor  stabilization  should  allow  a  small  de¬ 
stabilizing  effect  with  sideslip  to  prevent  a  spiral  divergence. 
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FIGURE  VI-  19 


Or^TCS-ROLL  FREQUENT  and  DAMPING  OF  UNAUOIENTH) 
MODEL  215  SHOWS  NEED  FOR  YAW  RATE  AUGMENTATION 
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FIGURE  VI-21  SPIRAL  STABILITY  SHOWS  EXCESSIVE  DIRECTIONAL  STABILITY 
OF  MODEL  215  WITH  ROTOR  STABILIZING  SYSTEM 
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8 .  GUST  RESPONSE 


The  tilt  rotor  aircraft  will  have  acceptable 
gust  response  characteristics  due  to  ’■he  pro¬ 
vision  of  rotor  cyclic  pitch  feedback  through  the 
load-alleviation  system  and  rotor  collective 
pitch  feedback  of  horizontal  nacelle  acceleration. 
This  system  is  expected  to  be  able  to  keep  the 
cabin  response  due  to  horizontal,  lateral  and  ver¬ 
tical  discrete  (i-Cosine)  gusts  up  to  20  ft/sec 
amplitude  l'-ss  than  the  following  values: 

0.1  g's  vertically 
0.05g's  laterally 
0.05g's  horizontal 


Additionally,  this  level  of  maximum  gust  response 
amplitude  will  also  be  shown  using  tempera!  gust 
variations  such  as  those  given  by  the  statistical 
models  of  AFFDL-TR-68-85.  These  gust  levels  do 
not  require  any  additional  authority  of  the  cyclic 
feedback  system  or  the  collective  pitch  control. 
Response  of  these  control  systems  also  appear  to 
be  adequate. 
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9.  VIBRATION 


The  tilt  rotor  aircraft  will  have  vibration  levels 
within  the  proposed  Boeing  criteria  for  occupied 
areas  of  0.05  g’s  at  the  number  of  blades  per 
rev.  frequency  and  well  within  the  MIL-H8501A 
requirement  of  0.15  g's.  This  goal  will  be  achieved 
by  tuning  the  wing  vertical  bending  stiffness  to 
alternate  the  number  of  blades  per  rev.  frequency. 

The  present  preliminary  design  shows  that  the  wing 
stiffness  can  be  reduced  without  compromising  the 
whirl  flutter  or  air /ground  resonance  stability. 
Necessity  for  such  alternation  only  arises  during 
trinsition  with  v> — '  ssnal"  oscillating  rotor  forces 
being  predicted  for  cruise  flight  in  the  arrpUnc: 
mode. 

Vibration  in  transition  presently  can  not  be 
"analytically  predicted  with  confidence  but  statistical 
prediction  techniques  are  available  for  helicopter 
preliminary  design.  It  can  be  shown  that  vertical 
vibration  varies  as  the  product  of  the  square  of  the 
rotor  inplane  advance  ratio  and  the  thrust  coefficient- 
solidity  ratio.  The  tilt  rotor  aircraft  only  flies 
edgewise  in  helicopter  flight  and  in  transition.  Use 
of  the  helicopter  statistics  and  a  typical  nacelle 
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incidence  schedule  for  tranr  ‘  tion  produces  the  vibration 


prediction  shown  in  Figure  VI  >-22. .  A  maximum  vibration 
level  of  0.11  g's  is  shown  to  occur  at  about  100  knots, 
frtiis  vibration  level  should  be  alleviated  since  a  speed  of 
100  knots  is  likely  to  be  used  for  low  speed  loiter  and 
search  operations  in  the  rescue  mission.  Alleviation  may 
be  achieved  by  absorber,  force  balancers  or  by  selection 
of  the  wing  stiffness  to  attenuate  the  rotor  forces  felt 
at  the  fuselage. 
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SECTION  VII 
STRUCTURES 

1.  SUMMARY 

This  section  contains  criteria  for  use  during  Phase  IT, 
the  structural  design  of  the  prop/rotor  aircraft  rotor 
blades,  hub,  wing,  nacelle  structure  and  transmissions. 
Limit  load  and  fatigue  conditions  are  included.  Speci¬ 
fications  MIL-A-8860  and  MIL-S-8698  have  been  used  to 
guide  the  selection  of  conditions  and  only  those  which  are 
generally  critical  are  to  be  considered  for  preliminary 
design  purposes. 
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APPLICABLE  SPECIFICATIONS 


The  structural  design  criteria  shall  be  in  general 

accord  with  the  following  military  specifications 

with  consideration  given  to  that  required  for  pre¬ 
liminary  design: 

a.  MIL-A-8860, "General  Specification  for 
Airplane  Strength  and  Rigidity". 

b.  MIL-S-8698 ,  "Structural  Design  Requirements , 
Helicopters" . 

3.  FLIGHT  MODE  DEFINITION 

The  flight  modes  for  the  vehicle  are  defined  as: 

a.  Helicopter  Flight:  Lift  is  provided  only 
by  the  rotor  and  airspeeds  are  less  than 
35  knots  in  any  direction. 

b.  Transition  Flight:  Lift  is  provided  by 
the  rotor  and  the  wing.  This  regime 
starts  at  35  knots  and  ends  at  VC0N* 

c.  Airplane  Flight:  Lift  is  provided  only 

by  the  wing.  The  regime  starts  at  Vqqjj 
and  is  limited  at  VT . 

ll 

d.  vcOH  *s  t*ie  a^rsPee<*  at  which  nz  =1.2 
can  be  achieved  with  the  flaps  retracted. 
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4.  BASIC  DESIGN  PARAMTERS 

The  basic  design  parameters  for  the  three  flight  inodes 
are  listed  in  Table  VII-1. 

5.  FACTOR  OF  SAFETY 

The  yield  factor  of  safety  shall  be  1.0.  The  ultimate 
factor  of  safety  shall  be  1.5. 

6.  TORQUE  FACTOR 

The  limit  torque  factor  shall  be  1.5. 

7.  DESIGN  SPEED 

A.  For  helicopter  flight,  the  maximum  forward, 
sideward  and  rearward  speed  shall  be  35  knots. 

B.  For  transition  flight,  the  design  speed  for 
limit  load  conditions  shall  be  the  minimum 
speed  indicated  on  the  V-n  diagram  for  which 
a  3.0  limit  load  factor  applys. 

C.  For  airplane  flight,  the  following  speeds  apply: 

1.  Maximum  level  flight  speed  VE  equal 

to  360  knots  (transmission  torque  limit) 

at  sea  level. 

2.  The  limit  speed  VL  shall  be  450  knots 
(1.25  V  )  at  sea  level. 

a 
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TABLE  VII- 1 
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BASIC  DESIGN  PARAMETERS 


PARAMETER 

HELICOPTER  FLIGHT 
Basic  Design  Gross  Height 

Minimum  Flying  Gross  Height 
Most  Aft  C.G.  Position 
Most  Forward  C.G.  Position 

Limit  Load  Factor  at  Basic  Design  Gross 

Weight  (  N  ) 
z 

Limit  Landing  Sinking  Speed  at  Basic 
Design  Gross  Weight 

Normal  Rotor  Speed,  Power  on 

Rotor  Speed  Limit  Factor 

Nacelle  Axle 

TRANSITION  FLIGHT 

Basic  Design  Gross  Weight 
Maximal  Design  Grois  Weight 

Limit  Load  Factor  at  Basic  Design  Gross 

Weight  (  n,  ) 
z 

Normal  Rotor  Speed,  Power  on 
Rotor  Speed  Limit  Factor 

AIRPLANE  FLIGHT 

Basic  Design  Gross  Weight 

Maximum  Design  Gross  weight 

Minimum  Flying  Gross  Weight 

Most  Aft  C.G.  Position 

Most  Forward  C.G.  Position 

Limit  Load  Factor  at  Basic  Design  Gross 
Weight 

Normal  Rotor  Speed 


DESIGN  VALUE 


67,000  lb. 

47,793  lb. 

F.S.  421.6  in. 

F.S.  398.7  in. 

2.5,  -1.0 

12.0  fps  (See  Note  1) 

295 

1.25 

F.S.  410 


67,000  lb. 
74,000  lb. 


3.0,  -1.0 
295  RPM 
1.25 


67,000  lb. 
74,000  lb. 
47,798  lb. 

F.S.  402.5  in. 
F.S.  379.5  in. 

3.0,  -1.0 
207  RPM 


NOTE  Is  The  limit  landing  load  factor  shall  be  based  upon 
a  sinking  speed  of  12  fps  and  rotor  lift  equal  to 
two-thirds  of  the  basic  design  gross  weight. 


3.  The  maximum  speed  for  a  66  fps  gust  Vg 
shall  be  260  knots  (S.L.)  for  the  basic 
design  gross  weight  and  240  knots  (S.L.) 


for  the  minimum  flying  gross  weight,  Vg  _ 

^nVg  where  n  is  the  maximum  gust  load 
factor  determined  at  Vfi  and  Vg  is  the 
stalling  speed  for  level  flight  at  sea 
level  in  the  basic  configuration  with 
power  off. 

8.  V-n  DIAGRAM 

Composite  V-n  diagrams  for  the  three  flight  modes  at  the  basic  design 
gross  weight  and  the  minimum  flying  gross  weight  are  shown  in  Figures 
VII- 1  and  VII-2.  The  diagrams  for  airplane  flight  (solid  lines)  were 
constructed  as  specified  in  MIL-A-8861  for  maneuver  and  gust  load 
factors. 

The  limit  load  factors  for  helicopter  and  transition  flight  (dashed 
lines)  are  shown  as  the  sum  of  the  helicopter  (2.5)  and  the  inplane 
load  factor  at  a  given  speed,  the  maximums  being  3.0  and  -1.0. 

9.  LIMIT  LOAD  DESIGN  CONDITIONS 

Limit  load  design  conditions  for  helicopter  transition  and  airplane 
flight  are  contained  in  Table  VII-2,  VII-3  and  VII-4,  respectively. 
The  conditions  listed  have  been  selected  for  investigation  during 
preliminary  design.  Ground  conditions  to  be  considered  are  contained 
in  Table  VII-5. 
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TABUS  VXI-2  LIMIT  DESIGN  CONDITIONS  POR  HELICOPTER  FLIGHT 
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FATIGUE  DESIGN  CONDITIONS 


A.  Basic.  Fatigue  Schedule 

The  service  usage  to  be  used  for  definition  of 
preliminary  design  structural  requirements  shall 
be  in  accordance  with  the  basic  fatigue  schedule 
Table  VII-6.  This  schedule  is  based  on  the  basic 
design  mission.  The  distribution  of  flight  time 
between  the  helicopter,  transition  and  airplane 
modes-J-SL 12.5%-and  79 .  -6% ,  respectively . 

The  total  time  given  to  maneuvers  is  10.5%.  The 
significant  conditions  affecting  the  fatigue 
performance  of  the  wrng  are  the  repeated  maneuvers 
and  atmosphere  turbulence  at  low  altitudes  and  the 
relatively  large  number  of  ground-air-ground  cycles. 
The  significant  conditions  affecting  the  fatigue 
performance  of  the  nacelle  structure  are  repeated 
maneuvers  with  the  vehicle  in  the  airplane  mode, 
ground-air-ground  cycles  and  rotor  loads.  The 
significant  conditions  affecting  the  fatigue 
performance  of  the  dynamic  system  are  the  prop/rotor 
cyclic  control  and  airplane  flight  with  inclination 
of  the  prop/rotor  axis.  The  dynamic  system  of  this 
vehicle  is  considered  to  include  the  prop/rotor 
blade,  hub,  controls  and  drive  system. 


TABLE  VII- 6 


its»)«»as*stt-iS23S5c!®  fe 


BASIC  FATIGUE  SCHEDULE 


Condition 


%  Occurrence 


No  Per  Hour 


HELICOPTER  MODE 


Rotor  Start 
Rotor  Stop 
Taxi 

Takeoff  VTOL 
Takeoff  STGL 
Landing 
LafTcmg  f  lare 
Hover 

Forward  Flight  35  Knots 
Sideward  Flight  35  Knots 
Rearward  Flight  35  Knots 
Yawed  Flight  35  Knots 
Lateral  Control  Reversal 
Lontigndinal  Control  Reversal 
Directional  Control  Reversal 

TKAHSITIOK  DOPE 
Level  Flight 
Climb 
Descent 

Turn  30°  Bank  50  Knots 
Fuji  Up  1.5G  50  Knots 


AIRPLANE  MODE 

Level  Flight  Cruise  Speed 
Level  Flight  Maximum  Speed 
C3  i.'i'.L 
Descent 

Maximum  Pov;er  Dive  at  VL 
Yaw  at  Maximum  F-ueod 
Level  Turn  1.5G  at  VH 
Level  Turn  2.0G  at  VK 
Climbing  Turn  at  VH  1.5G 
Symmetrical  Full-Up  1.5C  at  VH 
Symmetrical  Pull-Up  2.0G  at  VH 


56.0 

4.0 

4.0 

10.0 

.1 

.5 

3.0 
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Service  Life 


The  service  life  of  the  wing  and  nacelle 
structure  shall  ba  10,000  hours.  The 
service  life  on  dynamic  system  components 
shall  be  3,600  hours  except  as  indicated 
below.  This  service  life  of  3,600  hours 
applies  also  to  the  pitch  bearing.  The  method 
of  analysis  for  the  above  bearings  accounts  for 
the  oscillatory  motion  of  pure  rotational  motion. 

- Theservice^ife  will  t>e“calculated  using  the 

cumulative  damage  method  in  conjunction  with  S-N 
curves  and  '  ad/stress  frequency.  S-N  curves 
fr r  'Vnasui;  system  components  will  be  ba-.-_d  o»  a 
mean  -3er  analysis,  S-N  curves  for  the  wing 
structure  snail  be  established  using  the  mean 
of  data  associated  with  the  most  critical  stress 
concentration.  The  calculated  "mean  life"  thus 
established  will  be  divided  by  a  scatter  factor 
of  four  (4)  to  establish  a  "safe  life"  on  service 
life. 

The  BiQ  design  life  for  the  individual  drive 
system  bearings  will  be  established  based  on  the 
desired  transmission  Mean  Time  Between  Removal 
(MTBR) .  This  means  that  the  total  bearing  system 
life,  when  combined  with  other  critical  component 
lives  will  result  in  the  desired  transmission  MTBR. 
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Gear  box  cases  shall  be  designed  for 
a  service  life  of  10,000  hours  con¬ 
sidering  drive  train  and  rotor  loads. 

All  drive  system  gearing  and  splines 
shall  be  designed  for  unrestricted 
fatigue  life  under  maximum  rated  power 
at  normal  operating  RPM. 

C.  Take-Off  Condition 

A  vertical  load  take-off  spectrum  shall 
be  used  for  the  take-off  phases  of  the 
fatigue  schedule. 

D.  Landing  Condition 

A  spectrum  of  landing  sinking  speeds  shall 
be  used  for  the  landing  phase  of  the  fatigue 
schedule . 

£.  Taxi  Condition 

A  vertical  load  taxi  spectrum  shall  be  used 
for  the  taxi  phases  of  the  fatigue  schedule. 

F.  Gust  Cc.  ndition 

A  gust  load  spectrum  shall  be  used  as  speci¬ 
fied  in  MIL-A-8866 (ASG) ,  Paragraph  3.4 
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11.  WING  DESIGN  CRITERIA 

A.  Flight  and  Ground  Loads 

The  wing  shall  be  designed  for  the  various  flight 

and  ground  load  conditions  defined  in  paragraphs 

9.  Dynamic  analyses  shall  be  used  to  obtain  the 

wing  loads  due  to  gusts  paragraphs  10-F  and  the 

landings  paragraph  10-p. 

B.  Rotor  System  Loads 

The  wing  shall  be  designed  for  the  loads  due  to 
the  rotor  system  as  defined  in  paragraph  13. 

C*  Fatigue  Considerations 

i  The  primary  structure  of  the  wing  shall  be  analyzed 

’  to  determine  its  fatigue  performance  under  the  con¬ 

ditions  specified  in  paragraph  10  ,  which  includes 
j  loadings  caused  by  gusts ,  maneuvers,  landing,  take- 

i 

|  off  and  taxing.  The  wing  shall  incorporate  fail- 

|  safe  design. 

i 

i  12.  NACELLE  STRUCTURE  DESIGN  CRITERIA 

| 

A.  Flight  and  Ground  Loads 

> 

* 

|  The  nacelle  structure,  which  includes  the  tilt 

> 

I  mechanism  and  wing  attachment,  shall  be  designed 

for  the  various  flight  and  ground  loads  defined 
in  Paragraph  9.  In  addition,  the  nacelle  structure 
shall  be  designed  for  a  side  load  factor  equal  to 
+2.0  limit  with  the  nacelle  in  the  vertical  and 
horizontal  positions. 


VII-16 


B-  Rotor  System  Loads 

The  nacelle  structure  shall  be  for  the  rotor 
system  loads  as  defined  in  paragraph  13. 

Co  Price  System  Loads 

The  nacelle  structure  shall  be  designed  for 
the  limit  torque  load  condition  as  specified 
in  paragraph  14. 

D*  Fatigue  Considerations 

The  mcelle  structure  shall  be  analyzed  to  de¬ 
termine  its  fatigue  performance  under  the  con¬ 
ditions  specified  in  paragraph  10  which  includes 
gusts,  maneuvers,  landing,  take-off,  taxiing  and 
rotor  vibratory  loads.  In  addition,  loads  due 
to  aircraft  rates  and  accelerations  will  be  con¬ 
sidered.  The  nacelle  structure  shall  incorporate 
fail  safe  design. 

ROTOR  SYSTEM  DESIGN  CRITERIA 

A.  Flight  Loads 

The  prop/rotor  blade,  hub  and  controls  shall  be 
designed  for  :he  various  flight  conditions  defined 
in  paragraph  *>.  The  loads  including  vibratory 
and  steady  shall  be  calculated  by  aeroelastic 
analysis. 


B.  Fatigue  Considerations 

The  rotor  system  shall  be  analyzed  to  deteimine 
its  fatigue  performance  under  the  conditions 
specified  in  paragraph  10*  In  addition,  the 
following  criteria  will  be  useds 
a*  Alternating  loads  due  to  rotor  cyclic  control, 
in  the  helicopter  mode,  equal  to  the  cyclic 
required  to  trim  the  aircraft  level  plus  25% 
of  the  maximum  cyclic  for  pitch  control  shall 
not  exceed  the  fatigue  endurance  limits  of 
rotor  system  components. 

b.  Alternating  loads  due  to  rotor  cyclic  control, 
in  the  helicopter  mode,  equal  to  the  cyclic 
required  to  trim  the  aircraft  level  plus  25% 
of  the  maximum  cyclic  for  yaw  control  shall 
not  exceed  the  fatigue  endurance  limits  of 
rotor  system  components. 

c.  Alternating  loads  due  to  "AqR  equal  to  1,500 
shall  not  exceed  the  fatigue  endurance  limits 
of  rotor  system  components. 

14.  DRIVE  SYSTEM  DESIGN  CRITERIA 
A.  Limit  Design  Loads 

The  drive  system  includes  all  components  of  the 
drive  train  between  and  including  the  engine 
shafts  and  the  main  rotor  shafts  with  all  engines 
at  maximum  rated  power  and  at  normal  operating  RPM. 
The  torque  split  between  rotors  shall  be  75-25  in 
combination  with  rotor  loads  defined  in  paragraph  13. 
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B.  Fatigue  Considerations 

Bearing  B1Q  life  shall  be  based  on  cubic 
mean  loads  for  the  conditions  of  the  Basic 
Fatigue  Schedule  Table  VII-6. 

All  gears  and  spurs  within  the  drive  train 
shall  be  designed  for  unrestricted  fatigue 
life  under  maximum  transmission  ratio  power 
or  maximum  rated  engine  power,  whichever  ij 
lower,  at  normal  operating  RPM.  The  alter¬ 
nating  torque  for  symmetrical  flight  conditions 
shall  be  considered  to  be  +  15£  of  the  steady 
torque.  This  alternating  torque  shall  be  con¬ 
sidered  for  the  design  of  transmission  and 
shafting  exclusive  of  the  gear  teeth  and 
bearings . 


i 
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15.  MATERIALS  AND  ALLOWABLES 


A.  Material  Selection 

The  increased  knowledge  of  strength  and  reliability 
of  new  materials  and  constr action  techniques  con¬ 
tributing  to  a  general  advance  in  the  "state  of  the 
art"  shall  be  incorporated  In  the  design  wherever 
feasible.  &»bwiais  shall  be  selected  on  the  basis 
of  technical  suitability  to  satisfy  design  requirements 
of  function#  reliability#  strength  safety#  fabrication 
ease  and  economy.  Particular  attention  shall  be  given 
be  material  vork  propagation,  fracture  toughness  and 
corrosion  characteristic  arid  to  protective  finish 
systems  and  processes  for  the  prevention  and  control 
of  corrosion  and  stress  corrosion.  Materials  to  be 
considered#  but  not  limited  to#  include: 
a.  for  wing  fatigue  critical  areas  titanium 
some  heats  of  6AL-4V  and/or  2024 

aluminum  alloy  for  skin  and  stringer 
combinations  and  titanium  6A1-4V  and/or 
7079,  7175  and  alloy  71  aluminum  alloys 
for  forgings  and  thick  machined  plates. 

Figure  VII-3  shows  that  improved  stress 
corrosion  characterist  .cs  of  high  strength 
7175  and  alloy  71  aluminum  alloys  over 
the  alloys  in  current  use. 
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b.  for  wing  non-fatigue  critical  areas 
some  heats  of  titanium  6AL-4V  and/ 

or  7075,  7178,  7175  aluminum  alloys. 

c.  for  the  rotor /prop  blade  a  composite 
structure  consisting  of  a  fiberglass 
spar,  cross-ply  skins,  aluminum  honey¬ 
comb  core  and  a  titanium  leading  edge 
erosion  strip.  Fatigue  properties  of 
S-glass  composites  based  on  testing 
conducted  at  Boeing-Vertol  are  shown  in 
Table  VII-7  and  Figures  VII-4  and  -5. 

d.  for  the  rotor  hub  6A1-4V  titanium 
forging. 

e.  far  the  transmission  gears  VASCO  X2 
steel. 

f.  far  transmission  bearings  M5Q  vacuum 
melt  steel,  52100  vacuum  melt  steel  and 
carburized  steels. 

g.  for  the  transmission  case  magnesium, 
steel,  titanium,  composites  and  metal 
matrix  composites .  Figure  VII-6  shows 
the  improved  fatigue  properties  of  rare 
earth  east  magnesium  alloy  2E63-T6  over 
those  for  magnesium  alloys  in  present  use. 
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FIGURE  VII-6,  FATIGUE  STENGTH  OF  CAST  MAGNESIUM  ALLOYS 
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B.  Material  Allowables 

Material  strength  properties  will  be 

based  upon  the  following: 

a.  Anticipated  design  allowables  for 
new  materials  based  on  preliminary 
data  consistent  with  1972  technology. 

b.  MIL-HDBK-5  Metallic  Materials  and 
Elements  for  Flight  Vehicles. 

Column  *B"  allowable  stresses  will 

be  used  where  failure  of  an  individual 
element  would  result  in  the  applied 
load  being  safely  distributed  to  other 
load  carrying  members.  In  all  other 
applications,  the  Column  *A"  values 
will  be  used. 

c.  MIL-HDBK-17 ,  "Plastics  for  Flight  Vehicles". 

d.  MIL-HDBK-23 ,  "Composite  Construction  for 
Flight  Vehicles". 

e.  Boeing-Vertol  Structure  Design  Manual. 

f.  Boeing-Vertol  Report  SRR-7,  "Reinforced 
Composite  Material  Allowables".  This 
document  contains  design  strength  and 
mechanical  properties  used  at  Boeing- 
Vertol  for  Boron  and  S-Glass  composites. 
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16. 


AEROELASTIC  STABILITY 


An  analysis  has  been  made  to  ensure  that  there  are  no  whirl 
flutter  or  air /'ground  resonance  problems  with  the  USAF  Tilt 
Rotor  aircraft.  Whirl  flutter  and  air /ground  resonance  pre¬ 
vention  have  been  treated  in  this  study  since  wing  and/or 
nacelle  stiffnesses  could  significantly  increase  the  weight. 
Since  the  configuration  analyzed  is  adequately  stable,  the 
results  of  the  trend  weights  used  in  the  performance  studies 
are  believed  tc  be  valid.  This  result  is  due  in  part  to  the 
provision  of  cyclic  feedback  in  the  rotor  control  systems 
(the  LARMS  system  described  in  Section  VI, 3). 

Rotor  blade  aeroeiantic  stab* 3  by  has  not  been  *  eated  xn  t lis 
study  except  for  the  considers  .on  of  stall  flu  »r  made  in 
Section  XV, 5.  Blade  design  is  to  be  pursued  in  a tail  in 
3?hase  II  and  will  be  treated  it  that  time.  Experience  wiuh 
other  designs  using  the  scut- inplane  hingeless  blade  approach 
has  shown  this  design  to  be-  p  racticable  and  has  substantiated  ■ 
the  rotor  weight  trends  used  ii  this  study.  The  parameters  of 
the  aircraft  analyzed  are  summarized  for  reference  purposes  in 


Table  VII-8. 


TABLE  VII-8 

PARAMETERS  OF  AIRCRAFT  USED  FOR  AEROELASTIC  STABILITY  ANALYSIS 


DESCRIPTION 

UNITS 

VALUE 

Radius  of  Rotor 

Inches 

330 

Number  of  Blades 

N.D. 

3 

First  Moment  of  1  Blade  About  Flap  Hinge 

Lb-Sec2 

85.55 

Inertia  of  1  Blade  about  Flap  Hinge 

Lb-Sec2 In. 

13,842 

Ratio  of  Blade  Cut  Out  to  R 

N.D. 

0.2 

Blade  Twist  at  75%R  (Root  Reference) 

Deg. 

-16. 

Mean  Chord 

Inches 

32.3 

Lift  Slope  Coefficient 

1/Rad 

5.73 

Distance  from  Center  of  Hub  to  Nacelle 
Pivot 

Inches 

112. 

Distance  Between  Nacelle  Pivot  and 
Effective  Wing  Root  (Approx,  to 
be  61%  of  Wing  Semi  Span) 

Inches 

212 

Distance  Between  Nacelle  Pivot  and 
eg  of  Rotor  Nacelle  Combination 

Inches 

67.4 

Nacelle  (Including  Blades  &  Hub) 

Moment  of  Inertia  in  Pitch 

Lb-Sec2 -m. 

164683 

Weight  of  Nacelle  Including  3  Blades 
and  Hub 

Lb 

9500 

Wing/Nacelle  Pitch  (Torsion)  Frequency 

Cps 

2.75 

Wing/Nacelle  Yaw  (Chordwise)  Frequency 

Cps 

4.36 

Wing/Nacelle  vertical  Bending  Frequency 

Cps 

1.68 

Rotor  Speed  -  Cruise 

Rpcn 

183. 

Forward  Speed  -  Aircraft  Cruise 

Knots 

350 

(Continued  on  Following  Page) 
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DESCRIPTION 


UNITS 


VALUE 


Lateral  Stiffnesses  of  Rear  Tires  (same) 

Lb/Ft 

119,000 

Lateral  Stiffness  of  Front  Tire 

Lb/Ft 

98,000 

Vertical  Stiffness  Rear  Tires 

Lb/Ft 

83,000 

Vertical  Stiffness  Front  Tire 

Lb/Ft 

68,200 

Fwd/Aft  Stiffness  Rear  Tires 

Lb/Ft 

324,000 

Fwd/Aft  Stiffness  Front  Tire 

Lb/Ft 

144/000 

Landing  Gear  Damping  in  Vertical  Direction 
All  Tires  Same 

Lb-Sec. /Ft 

135. 

Blade  Flap  Frequency 

Cps 

4.09 

Blade  QjL  of  attack  at  7 5%  Radius 

Deg. 

0 

Effective  Hinge  Offset 

In. 

66 

NOTES:  1. 

2. 


3. 


Blade  parameters  used  were  for  the  TRB-3B  Design. 

The  six  degree  of  freedom  analysis  computer 
program  (C-26)  was  used  for  the  whirl  flutter 
analysis 

Computer  program  C~ZJ-  was  used  for  the  ground  resonance 
analysis 
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A.  Ground  Resonance  Stability 

The  tilt  rotor  aircraft  with  soft- inplane 
hingeless  rotors  can  have  ground  resonance 
stability  problems  due  to  blade  chordwise 
(lag)  bending  coupling  with  an  airframe  or 
landing  gear  mode.  Such  resonance  conditions 
must  be  damped  by  the  landing  gear  oleos , 
airframe  and  blade  structural  damping  and 
rotor  blade  aerodynamic  damping.  As  shown 
in  Figure  VI7-7,  there  are  two  regions  of 
instability  possible  if  this  damping  was 
zero  but  if  nominal,  values  cf  dancing  are 
assumed  the  aircraft  is  stable. 

The  upper  graph  of  Figure  VTI-7  shows  four 
regions  of  coalescence  of  rotor  and  aircraft 
frequencies  as  a  function  of  rotor  speed. 
Instabilities  might  be  expected  a_  any  of 
these  intersections.  In  fact,  considering 
zero  blade  and  structural  damping  which  is 
conservative,  the  only  unstable  situations 
occur  at  the  lower  rotor -vring  vertical  bending 
frequency  intersection  (near  hover  rpm)  and 
at  the  lower  rotor-wing  chordwise  bending  fre¬ 
quency  intersection.  For  nominal  damping 
(2%  structured,  damping  and  rotor  aerodynamic 
damping  effects  considered)  these  instabilities 
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FIGURE  VII-7  GROUND  RESONANCE  MODES  ARE  STABLE  IN  OPERATING 
RP&  RANGE  WITH  NOMINAL  DAMPING 
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are  eliminated.  Previous  studies  on  similar- 
configurations  have  shown  a/c  lateral  and  a/c 
fore  and  aft  motions  to  be  the  only  rigid  body 
modes  tending  to  produce  ground  resonance. 

For  this  aircraft  configuration  these  modes 
are  stable.  The  analysis  used  for  this  study 


F^g  =  Yaw  of  Tip  Path  Plane  of  Mode  Two 

The  nice  Lagrangian  equations  of  action  were  expressed  in  matrix 
fora  and  linearized  by  an  expansion  in  a  Taylor  series  about  the 
*squil£hriu*paint, {q  =q  =  q  -  0)  ana  a  retaining  of  only  the  first 
order  t£rms.  The  program  assumes  a  linear  rotor  blade  lift  equa¬ 
tion,  zero  rotor  blade  drag  and  zero  wing  aerodynamics. 

Blade  arbitrary  mode  deflections  can  be  defined  for  up  to  ten 
sections.  The  program  has  the  provision  that  collective  pitch 
can  be  calculated  such  that  the  blade  angle  of  attach  at  .75  blade 
radius  cam  be  specified. 

Print-out  options  include  stability  boundaries,  eigenvalues,  and 
eigenvectors  for  variations  cf  parameters  such  as  inflow  ratio, 
pitch  frequency,  yaw  frequency,  roll  frequency,  etc.,  in  a  single 
run. 

Whirl  Flutter 

Fssrolts  of  a  study  with  ""/nacelle  yaw  £xequency  and  wing/nacelle 
pitch  frequency  varying  and  other  parameters  fixed  at  nominal  erne 
shown  by  Figure  VII- 9.  The  Model  215  aircraft  was  considered  to 
be  in  the  nominal  cruise  flight  mode,  350  kt.  (EAS) ,  with  no  control 
feedbacks.  The  aircraft  design  is  stable. 

As  can  be  seen  by  Figure  VII-S ,  a  very  significant  parameter  for 
both  whirl  flutter  and  divergence  is  the  wing  torsional  stiffness 
and  corresponding  frequency.  For  nominal  aircraft  properties,  in¬ 
creasing  the  wing/nacelle  torsional  stiffness  significantly  im¬ 
proves  the  stability  of  the  system.  The  wing/nacelle  chordwise 
bending  stiffness  has  a  relatively  minor  effect  on  the  stability 
boundaries  for  practical  variations  around  nominal . 
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C-27  STABILITY  ANALYSIS 


INPUT 

Flight  Conditions 
Rotor  Properties 
Aircraft  Properties 


AIRLOADS 

Radial  Intregration. 
Asiautfeal  Stagnation 
Quasi-Steady  Aerodynamics 


Formulation  of  Matrix 
Equations  of  Motion 


Solution  of  Equations 
To  Determine  'Eigenvalues 
and  Eigenvectors  _ 


Output 

Options 


Eigenvalues  and/or 
Eigenvectors 


-L 


Stability 

Boundaries 


YII-35 


i  • 

i 

if  + 

x 

I 


/v^  Ooa/t&ol  faueo  3*cj<f£ 
Coteecr/ys  C&*r)m 


fkee&f&JC.v'  fltirrs/z  /c5s g/oaJ 
Utffctf  Occurs  /p  M**s  fates  £ue// 
As  To  fa9o0t/c£  23r *90  Srouerz/tortc. 


yrOesjGA/  /%#/r 

(/4  &9.'eoAes) 


€>7ASL£ 

faSGJOfif 


i 

5  , 


Hotjtk:  /0/*rtm&£MO4£ 


U/fits; / ’A&cezctr  C**a**oV/se  £2&ucw>ks  fkeet  —  C. '£& 


FIGURli  VII- 9 


mm*  215  DESIGH  is  STABLE  FROM  WHIRL 
PLOTTER  AT  350  KNOTS  (SAS)  SPEED  WITH 
CYCLIC  FEEDBACK  SYSTEM  INOPERATIVE 
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The  high  frequency  flutter  region  shown 
is  present  only  if  the  structural  damping 
is  assumed  zero.  This  flutter  is  high 
frequency  (greater  than  2  cps)  forward 
whirl  flutter.  For  normal  (2  per  cent) 
structural  damping  in  the  wing/nacelle 
vertical  bending,  wing/nacelle  chordwise 
bending,  and  the  wing  nacelle  torsion  mode 
this  whirl  flutter  region  becomes  stable. 

This  implies  that  this  flutter  does  not  exist 
under  normal  conditions  of  structural  damping 
even  without  cyclic  feedback.  Mind  tunnel 
tests  on  models  of  similar  configurations 
have  verified  this,  as  high  frequency  flutter 
was  not  encountered . 

The  rotor  speed  margin  of  the  aircraft  is 
adequate  at  the  cruise  velocity  of  350  kt 
(EAS) .  As  shown  in  Figure  VTI-iO  this 
margin  is  approximately  45  rpm.  The  air¬ 
craft  stability  is  quite  sensitive  to  rotor 
rpm  above  200  rpm  if  the  wing/nacelle 
pitch  frequency  was  reduced.  The  flutter 
region  shown  is  slightly  negative  damped  but 
is  avoided  by  a  good  margin  with  the  present 
design. 
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Dash  speed  capability  reduces  the  static 
divergence  sti&bility  velocity  margin  as 
shown  in  Figure  VII-11.  For  a  dash 
speed  of  400  kt.  (EAS) ,  the  margin  is 
approximately  10G  kt.  This  figure  also 
emphasizes  again  the  importance  of  wing/ 
nacelle  pitch  stiffness  (or  frequency)  on 
whirl  flutter /divergence  safety  margins. 

A  low  power  setting  at  near  dash  speeds  can 
produce  a  static  divergence  problem  requiring 
the  cyclic  pitch  feedback  as  shown  in  Figure 
VII— 12.  The  propellers  could  approach  a 
wind  illing  condition  during  slowdown  from 
dash  speed  and  can  produce  an  unsafe  condition 
if  the  cyclic  system  were  not  provided. 

The  analytical  model  used  for  this  study  is 
shown  in  Figure  VII-13.  This  is  a  6 -degree -of - 
freedom  analysis  which  describes  the  blade 
coning,  pitch  and  yaw  of  the  disc  plane,  wing/ 
nacelle  vertical  bending  (vertical  translation) , 
torsion  {wing/nacelle  pitch) ,  and  chcrdwise 
bending  (wing-nacelle  yaw) .  The  capability  of 
treating  both  the  effects  of  structural  damping 
•and  feathering  feedback  jure  included.  The  analysis 
computes  the  stability  boundary  as  a  function  of 
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s?  abstract  -  1  Basic  design  studies  on  prop/rotor  aircraft'  performed  ns  f Ks 
first  phase  of  the  four  phase  U3AF  Contract  F33S15-6$-C-l570>are  sum¬ 
marised,  in  this  interim  report.  'This  program  is  to  determine  design 
criteria  ai  1  demonstrate  the  adequacy  of  technology  by  designing  a 
full-scale  prop/rotor  aircraft  and  by  designing,  manufacturing  and 
testing  scaled' models.  Selected  from  preliminary  design  and  perform¬ 
ance  sensitivity  tradeoffs  was  a  prop/rotor  aircraft  for  a  transport 
mission  with  a  250  K,  l4ile  radius,  a  cruise  speed  of  350  knots  and  a 
payload  of  5  tons  with  a  VTO  at  2500  ft  and  93©F,  This  aircraft  can 
also  perform  a  rescue  mission  with  s  500  H.  Kile  radius  and  a  mid¬ 
point  hover  time  of  30  minutes.  The  Landing  Sear  w«n*-  sized  for  a 
coverage  of  40  and  38  passes  when  operated  on  CBP.4  soil,  A  21%  wing 
thickness  is  used  to  provide  a  wing  compatible  with  high  speed  drag 
rise  air*  to  satisfy  the  structural  requirements  with  a  minimum  weight 
wing.  The  prop/rotor  utilised  has  no  Slap  or  lag  hinges.  Rotor  bladi 
i  cyclic  pitch  is  planned  to  provide  both  control  moments  and  load  al- 
|  leviation.  A  hover  figure  of  merit  of  75%  and  a  cruise  efficiency  ©f 
I  78%  are  expected  for  this  aircraft,  A  useful  load  fraction  of  31.6% 

|  is  projected,  based  on  conservative  estimates. 
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